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ABSTRf\CT  ^ 

The  ei>;ht-day  summer  workshop  focused  on  increasing  energy. conservation 
knowledge  and  skill  of  selected  eastern  U,S-  industrial  arts  local  teachers 
and'teacher  educators.     Twenty-four  participants  spent  over  83  hours  at  the 
workshop  li^^cenint;  to  30  presenters,  going  on  five  field  trips,  and  develop- 
,in^  ini?truc*tional  modules:     All  presentations  were  color  video  taped  on  special 
cassettes  from  which  participants  can  have  copies  made,     North-Carblina  State 
University  will  serve  as  a  repository  for  the  tapes  so  that  they  will  not  be 
lost.     Each  of  the  24  participants  developed  an  instructional , module  on 
presented  workshop  topics.    The  workshop  staff  edited  the  developed  modules  and 
a  set  v;as  sent  to  each  participant  for  use  in  his/her  own  teaching  situation,  . 

The  need  for  the  workshop  and  its.  general  topics  were  identified  th^p^gh 
a  survey  of  selected  industrial  arts  teacher  educators  in  the  Eastern  U,S, 
Specific  workshop  objectives  were  derived  from  an  analysis  of  energy  conser- 
vation library  resources  and  expertise  in  Che  Raleigh i  North  Carolina  area. 
Major  topics  covered  in  the  workshop  included  the  following:    assessment  of 
conventional  and  selected  alternative  renewable  energy  source's;  developing 
a"  conservation  ethic,  recognizing  energy  waste,  and  applying  conservation 
techniques;  identification  of  current,  new,  and  emerging  careers;  and  fostering 
cooperation  coirnnunication  among  participants  so  they  will  openly  share  infor-. 
mation.    Objectives  were  achieved  through  capable  guest  lecturers  and  staff  of 

c urriculum  developers,  graduate  student,'  and  thte  director*  t^ortcs^^op~evalua=  

tion  consisted  of  using  a  daily  feedback  monitoring  Instrument  and  an  end 
of  workshop  DOE  participant  evaluation  form-     Overall  .reaction  to  the  work- 
shop uas  54%  of  .the  participants  said,  "Excellent,"  and  4&%  said,'  "Good*" 

Numerous  follow-up  letters  were  received  from  participants  telling  how  much 

^  - 

they  enjoyed  ;:he  workshop  and  especially  its  management  (see  Part  IV), 


'     -PREFACE  '  ,  ' 

The  energy  crisis  began  in  October  17,  19,73  when  the  Mid  Ease  oil-producing 
-countries  placed  -an^embargo  on  their  oil  shipments.     The  shock  waves  from  the  oil 
embargo  reached  around  the  world,  resulting  in  economic  and:social  disruptfon  in 
most  industrial  riations, 

tsi^ile  the  embargo  Tasted,  it  made  people  keenly  aware  that  in  twentieth  - 
century  America  a  fourth  essential  was  added  to. the  necessities  of  life.  That 
'is,  besides  food,  clothing,  and  shelter-energy  was  necessary-     No  longer  could 
society  expect  to  get  energy  with  so  little  trouble  and  expense  as  in  the  past, 

As  the  oil  embargo  continued  into  1974  the  energy  crisis  grew  more  interise, 
The  federal  government,  with  neither  stored  oil  nor  immediately  accessible  oil 
reserve,  met  the  cri£sis  with  the  only  program  that  would  have  immediate  effect. 
It  was  determined  that  the  best  approach  to  the  situation  was  to  set  allocations 
of  petroleum  products  and  call  for  conservation  measures*    The  conservation 
strategies  included  reducing  highway  spe^d  to  55  miles  per  hour,  voluntarily 
restricting'  travel,  and  reducing  home  heating  by  lowering  thermstacs  to  68^*  The 
allocation  procedure  was  complex  and  at  times  in<spt<     Consumers  could  purchase 
gasoline  on  optional  days  based  on,  e<g<  ,  license 'plate  odd/even  numbers,  vJheTe 
long -gas  lines  developed  to  purchase  fuel,  in  some  incidences^ . tempers  flared- 

Some  interesting  statistics  resulted  from  the  conservation  measures-  For 
example,  gas  and  oil  use  dropped  by  40  percent  the  first  quarter  of  1974.  Elec- 
tricity  which  has  a .7  percent  growth  rate  for  years  dropped  during  the  embargo  to 
*6  percent.     The  Gross  Natioxial  Product  (a  measure  of  prosperity^  fell.     Sales  of 
new  cars  declined  34  percent  during  the  first  quarter  as  compared  to  same  period 
in  1973,  but  small  car  sales  jumped  29  percent.     One-third  (60,000) ' gasoline 
service  stations; closed  as  the  price  per  gallons  of  gasoline  nearly  doubled. 
Further,  as  highway  speed  was  reduced  to  55  MPH,  the  death  from  accidents  was  cut 
25  percent  <  ^ 


What  is  the  best  ;ipproach  that  will -enable  all  society  to  meet  the  energy 
crisis?    If  aj?^^Individual  seriously  examines  what  caused  the  problem  and  reviews 
various  options  available  to  the  solution  several  factors  seem  clear.    These  are ^ 
as  follows :  .  - 

1.  Oil  and  gas  'provided  nearly  72  percent  of  all  eneVgy  in  United  States. 

2.  The  fossil  fuel  supply  (oil  and  gas)  are  finite  and  will  increase  in  cost 
as  they  become  less  and  less  available.  ■  -      '  "  ' 

3.  Conventional  energy  sour'ces  (oil*  gas*  coal*  hydro  nuclear)  and  selected  , 
alternative  sources  (solar*  wind*  nuclear,  fiision*  synfuelSj  biomass)  can  provide 
adequate  energy  mix*  but  each  has  varying  problems*  e.g*j  with  the  environmentj 
availabildty*  .and  politically, 

*  A-    Through  emphasis  on  conservation  energy  consumption  can  be  reduced  and 
time  gained  to  better  develop  alternative  sources,  ^ 

Some  experts  stated  that  it  is  easier  and  cheaper  to  save  the  energy  we  get 
from  conventional  sources  than  it  is  to  generate  energy  from  newer,  more  expen-- 
sive  sources  such  as  wind  and  sun/   For  example,  it  is  cheaper  and  easier 
to  insulate  a  home  than  to  produce  energy  from  renewable  sources  to  heat  an  unin- 
sulated dwelling,  ■  If  we, continue  to  consume  all  of  our  fossil  fuels  in  our  cars 
and    vans*  we  will  never  see  the  solar-based  society  to  which  we  must  move  if 
we  want  to  survive.    Dollar  for  dollar  energy  conservation  is  one  of  the  best  ap- 
proaches to  reducing  the  energy  crisis.    It  does  not  cause  pollution^  it  is  readily 
^ij^M-ft^iOj  n-inh  pfVELc^  ^ar>  ^r^ryrr^>tut.e_.  and  it  will  provlde  rosources  for  .future 
generations' to  use  in  maintaining  a  productive  society. 

Based  on  the  need  to  conserve  energy  the  be£t  place. to  begin  for  industrial 
arts  education  is  with  their  teacher  educators . who  prepare  teachers.     In  tum^ 
these  newly  prepared  industrial  arts  teachers  will  spread  across  the  state*  region, 
^and  nation  to  instruct,  hundreds  of  local  school  students  on  energy  conservation* 

vii 


The  information  presented  through  the  modules  will  provide  n  resource  that  can 
enable  industrial  arts -educators  in  eastern  United  States  to  move  more  effectively 
int6  energy  conservation  Instruct Ion/ 
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modOle  o.ne 

societal  implications  07  the  energy  situation 


Prepared 
by 


Robert  E*  Wenig 
■  Industrial  Arts  Education 
Department  of  Occupational  Education 
North  Carolina  State  University 
Raleigh,  North  Carolina 


USDOE  Sponsored  Faculty  Development  Workshop  on  Energy 
Conservation  for  lAE  at  North  Carolina  State  Unlverlsty 
June,  1981  -  R-  E-  Wenlg,  Director 


SOCTKTAL  IMPLICATIONS  OF  THE  ENERGY  SITUATION^ 


Since  the  world  energy  crisis  is  an  ever-changing  situation,  this  first 
module  (one)  will  not  be  the  formal  beginning.    Module  two  will^'be  the  formal 
introduction  to  the  24  instructional  modules,    'The  intent  of .  this  module  is  to 
provide  a  list  of  ^^eneral  perfomance  ob.jectlves  with  references  that  could  be 
used  to  develop  a  formal  module  for  each  participant's  instrucrtional  "situation- 

/ 

Through  this  informal  personalized  approach,  the  introduction  of  a  unit(s)  on 
energy  conservation  ^for  a  specific  teaching-liearning  .situation  could  be  more 
realistically  reached*    THe  National  Geographic ' s  "A  Special  Issue  on  Energy" 
should  serve  as  the  best  information  to  develop  the  personalized  module. 
GENERAL  PERFORMANCE  OBJECTIVES  . 


1. 

2. 


As  a  result  of  participating  in  this  module  students  will  be. able  to: 
Discuss  the  world  and  national  energy  predicament*,  - 
Comprehend  six  basic  truths  about  energy,  i*  e-, 
a.    We  are  not  running  out  of  energy — ;^yet* 
b*    Fossil  fuels  are,  however,  finite. 
There  is  no  quick  fix* 
There  is  no  free  luncb. 


.3, 


The  energy  problem  is  global*    What  we  do  effects  everyone  else* 
Energy  efficiency  and  conservation  are  all-important  from  now  on. 
Explain  why  some  nations  use  more  energy  than  others* 
Discuss  how  Americans  can  live  better  on  less. 

Identify  the  most  appropriate  energy  mix  for  American  in  the.  future* 
Discuss  the  most  premising  energy  issues  and  how  experts  see  them* 


REFERENCES  ^    -  :  . 

(Entire  Publication)-A  Special  Report  on  Energy,  National  Geographic.    February,  ^ 
1981,  ,  '     ^  ■  - 

(Entire  Publication) -Energy  in  the  Global  Marketplace^  U*S.  Department  of  Energy 

Technical  Information  Center,  P.O.  Box  &2,  Oak  Ridge,  TN  37S30,  November,  I97S- 
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(Volunc  i  onlv)-Ener>;y  Hnvlronmenc  Source  Books:    Volume  I.^  Enerfiy^Societv  and 

the  Environment,    National  Science  Teacher  Association,  Washington,  DC.  1975. 

'  (First  ChaptcrJ-Conservc:  Energy  &  Save  Money,  John  E.  Smith.    McGraw  Hill.  1981. 

i. 

(First  Chapter)-Energy  Primer,   (editor)  Richard  Merrill  and  Thoinas  Gage.  Delta 
Specir.l/Seymour  Lawrence.     New  York.  1978. 

(Paij;es  I-15)-ldeas  &  Activities  for  Teaching  Energy  Conservation,  Grades  7-12, 
The  University  of  Tennessee  Environment  Center,  South  Stadium  Drive, 
Knoxville,  TN,  1977. 

(Entire  book)-Enerfi:y  Systems  Lesson  Cor  Use  in  Secondary  Schools,    tnergy  Education 
Curriculum  Pro ject , Division  of  Curriculum,  Indiana  Department  of  Public  In- 
TSt rut:t  ion.     Indianapolis ,  IJIj  1981. 
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Each  of  the  general  performance  objectives  should  serve  as  an  INSTRUCTIONAL 
*    PACKAGE  using  the  formal  module  development  format,  that  is: 
1.  Pre-test 

2-     Instructional  packages  1-6  from  general  performance  objectives 

a.  Objec  Lives  ^ 

b.  Resources  -  .  ^ 

c.  Activities 

d.  Objective  Checks  • 

3.    Post-test  Check     .  .  ^ 
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isstte. 


Annual  photosynthesis  ■ 
-  L5X  10**  Btu 


Potentially  useful 
hydropowcr 

Usable  tidal  ^ 
energy 


World  energy 
consumption  per 
capit:!  In  1973 
=  6X  10^  Btu 


—  Solar  input  to  earth  =  5  J  X  10^^  Btu 


101* 


10*1 


10^ 


105 


'  World  energy  use  in  1971  =X2X  10^^  Btu 

'  Solar  input  per  million  acres 
■  U.S*  annual  energy  use  in  1973' 


lOl*        -75x  10'*  Btu 


U.S.  per  capita  energy  consumpttoti  in  1973 
»3.6X  108 


Basal  metabolic  rate  of  man 
^  2.2  X  10*  Btu/year  i 


Ftg,  IJ  H^e  soiar  irtf^tt  to  (he  earth  and  related  energy  rates.  The  unit  of  emnjy  is  the  British 
Thermai  Vntt.  ( See  Chapter  3  for  afatl  disctissjon  of  energy  units.) 
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AWARENESS  OF  ENERGY  TERMS,  SUPPLY,  AND  USE' 


Prepared 
by 


R*T.  Troxler 
North  Carolina  State  University 
Raleigh^j  North  Carolina  . 


USDOE  Sponsored  Faculty  Development  Work£:hop.  on  Energy 
Conservation  for  lAE  at  North  Carolina  State  University 
June  I98I    -  ,R.E.  Wenig,  Director 
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AWARENESS  OF  ENERGY  TERMS,  SUPPLY,  AND  USE 

TERMINAL  PERFORMANCE  OBJECTIVES 

After  the  completion  of  this  module,  the  student  should  be  able  to: 
1<      Identify  the  various  terms  rel^ted'^to  energy^ 

2<      Outline  the  facts  about  the  supply  and  utilization  of  oil  energy  in  the 
United  States, 

3<      Discuss  how  the  shortage  of  petroleum  energy  may  change  the  patterns  of 
life  and  life  style  of  future  generations. 

INSTRUCTIONAL  PACKAGES 

IP-1.     Identification  and  Use  of  Energy  Terms 

IP-2,     Outline  Facts  about  Energy ^Supply  and  Use 

IP-3.    How  Patterns  of  Life  Might  Change  with  Less  Energy 


IS  . 

6 


PRE-CHECK  , 
AWARENESS  OF  ENERGY  TERMS,  SUPPLY,  AND  \:ZZ 

IP-1,   .^Energy  Terms 

K       A  barrel  of  crude  oil  would  be:  ? 


A,  12  Gallons 

B,  65  Gallons 
42  Gallons 

2.      A  BTU  is  a: 


A.  Pound  '  # 
B<     Measure  of  Heat 

C<  Distance 

3<      The  ratio  of  useful  work  or  output  in  relationship  to  the  energy 
input  is  called: 

A<  Foot-Pounds 

B,  Watts 

C<  Efficiency 

4,      Fossil  fuels  come  from 


A<  Alcohol 
B,  Sand 

C<     Remains  of  plants  and  animals 

■* 

Gasohol  is  made  up  of  a  mixture  of: 


A,  50%  Kerosene,  50%  Alcohol 

B,  Regular  Gasoline  with  10%* Alcohol  , 

C,  Unleaded  Gasoline  with  10%  Alcohol 

A  Quad  is: 

A<  A  fraction  of  a  tank  of  gas- 

B<  A  large  quantity  of  energy 

C<  The  energy  in  one  barrel  of  crude  oil. 


The  world's  reserve  fossil  fUel  is  the  ainounc  of  fuel  equal  to: 

A<     All  the  gasoline  in  tanks-  "  * 

B-     The  coal  which  is  out  of  the  mines  ready  for  shipment, 
c<     The  fossil  fuel  which  bas  been  discovered,  may  be  economically 
processed  but  has  not  yet  been  harvested. 


er|c 
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8,      A  BTU  is  the  amount  of  heat  energy  required  to: 

A,  Raise  one  pound  of  water  one  degree 'fahrenheit, 

B,  Do  one  foot-pound  of  work. 

C,  The  anount  of  energy  in  one  gallon  of  gasoline. 


IP-2,    Oil  Energy  Reserve  and  Use 

T  F    1,  ■    The  U,S,   is  able  to  produce  ((domestic  supply)  all  required  petroleum 
energy, 

  1,      Of  the  total  energy  consumed  in  the  U-S,  , '  approximately  what  percent- 

age  is  petroleum  energy? 

A.  60% 

B.  45%  .  ^  ' 

•  3.      Approximately  25%  of  our  energy  is  used  in  transportation.    Of  this 

amount,  what'  perce-ntage  is  used  in  passenger  cars? 


A-     20%  •   .  .  * 

B.     90%  ^  • 

C-     60%  ■ 

4,      The  United  States  has  'i^at  percent  of  the  world's  oil  reserve? 


A.  10%  .  ^  '  ■  -  ■ 

B.  60%     '  ■  ■  '  ■ 

C.  80%  " 

What  percent  of  our  total,  energy  used  in  the  United  States  comes  from 
-petr-oi-eum? — ^  ■  ^—  


A-.     15%         '  .  ' 

B.  45% 
C-  80% 

T  F   -6-      A  chief  advantage  of  oil  is  that,  it  is  easy  to  transport  as. compared 
with  other  fossil  fuels-  ' 

T  F    7,      Approximately  one-third  of  the  world's  oil  supply  comes  from  the 
Persian  Gulf  region. "  *  ^ 

T  F    8-      Today  the  world  consumes  energy  equal  to  100  million  barrels  per  day- 
Of  this,  some  60  million  barrels  per  day  is  oil. 


is 
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T  F    9.       In  the  U.S.   Che  largest 'amourtc  o'f  our  eaergy  comes  from  coai- 
* 

 10.      The  largest  supply  of  fossil  energy  in  the  U.S.  is: 

*  '  .  ■  " 

A.  Oil 
:;Coal 

 11.      The  most  likely  way  the  United  States  may  cope  with  the  env^rgy  crisis^ 

is  to: 

A.  Locate  more  oil 

B.  Conserve  energy  ■ 

C.  '  Use  bottled  gas 

T=  F  12.      Most  of  the  experts  think  we  will  make  a  spectacular  discovery  that 
vill  solve  our  energy  problems. 

 13.      Passerger  caVs  consume  what  percentage  of  our  oil? 

=     A.     80%,  ^  ■  ^  ' 

E.     10%  ^  ^ 

C.  '  30%  '  . 

T  F  14.      Lighting  for  home  and  industry  uses  from  5%  tp  6%  of  the  total  nation's 
energy  consumed.    ■  ^ 

T  F  15.      One  of  the  chief  problems  that  face  the  world  is  how-to  de<irease  the 
use  of  energy  without  decreasing  economic  growth. 


PREvCHECK  KEY 


AWARENESS  OF  ENERGY  TERMS,  SUPPLY,  AND  USE 

IP-K     Energy  Terms; 


13^-2,    Oil  Energy  Reserve  and  Use 


1. 

F 

2. 

B 

3- 

C 

4. 

A 

5. 

B 

6. 

T 

7. 

T 

&. 

T 

9. 

F, 

10. 

B 

11. 

B 

12.' 

F 

n. 

C 

T 
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T 

so- 
lo. 


1. 

C 
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B 

3. 

C 

C 

5. 

c 

6. 

B 

7. 

C 
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AWARENESS  OF  ENERGY  TERMS,  SUPPLY,  AND  USE 

lP-1-       Identification  and  Use  of  Energy  Terms,. 
OBJECTIVES  '  ,  ■ 

Upon  completion  of  this  package,  you  will  be  able  to: 

A,  ^Identify  the  important  terms  used  in  energy  education, 

B.  Define  the  meaning  of  the  identified  ea^rgy  terms.. 

RESOURCES  .  ^  .  ^  .  . 
 7- — 

Enhanc€:d  Oil  Recovery  Potential  in  the  United  States,     Office  of  Technology 
Assessment ,  Washington,  DC- 

Environmental  Education  Strategies  for  Wise  Use  of  Energy,  Division  of  Science 
Education,  North  Carolina  Department  of  Public  Instruction,  Raleigh,  North 
Carolina  27611, 

Energy  in  the  Global  Marketplace,  U^ST  Department  of  Energy,  Technical  Inform-7 
ation  Center,  P*0.  Box  62,  Oak  Ridge,  TN      37830.    November  1978, 

A  Special  Report  on  Energy,     National  Geographic^  February  1981, 


ENERGY  TERMS 

Barrel  r  A  liquid  measure  of  oil>^usually  crude  oil-     Equal  to  42  .gallons.  * 

Barrel  of  Oil  Equivalent  -  ,Ttie  energy  equal  to  a  barrel  of  crude  oil; 
5.8  Million  BTU's. 

BTU  (British  Thermal  Unit)      The  amount  of  heat  necessary  to  raise  the 
temperature  of  one  pound  of  water  one  degree  fahrenheit . 

Efficiency  -  THe  ratio  of  useful  work  or  energy  output  to  total  work  or 
energy  input.  ^ 

Energy  -  Energy  is  the  capacity  for  doing  work.     Tyi>ical  units  of  energy, 
are  BTU*  Calorie,  Foot-Pound. 

Fossil  Fuels  -  Fuels  such  as  coaI»  crude  oil*  or  natural  gas*  formed  from 
remains  o,f  plants  and  animals. 

Gasohol  -  In  the  U.S.,  a  mix  of  90  percent  unleaded  gasoline  and  10  percent 
ethylalcohol. 

Greenhouse  Effect  —  The  warming  effect  of  carbon  dioxide  and  water  vapor  in 
th,e  atmosphere.     These  molecules  allow  che  sunlight  to  come  through  but 
block  infrared  (heat)  radiation  escaping  from  the  earth. 

OPEC  "  TElie  Organization  of  Petroleum  Exporting  Countries » ^13  nations  that 
aim  at  developing  common,  oil~inarketing  policies. 

Petroleum  -  Mineral  oil-     Fractional  distillation  yields  gasoline,  diesel, 
lubricating  oils,  and  other  products.  / 

Power  -  The  rate  at  which  work  is  done.     Typical  poip^Ji^nits  are  watts  and 
horsepower.  X.  . 

Power  Tools  -  A  group  of  electric  power  supplies  whose  transmission  lines 
are  interconnec  ted . 

Qpad  -  A  large  quantity  of  en^^rgy.     (A  Quadizillion  BTU's)  10^5  BTU's.  The 
amount  of  energy  contained  in  eight  billion  (8,000,000,000)  gallons  of 
gasoline.    A  year's  supply  for  ten  million  automobiles. 

Reserve  -  The  researve  fossil  fuel  energy  would  be  the  researve  which  has 
been  discovered*  not  harvested,  but  may  be  economically  prpcessed  and  used. 
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FEEDBACK  '  ^ 
Obiective  A  Check: 

1,.     Retake"  IP-l  Pre-Check  wich  same  instructions.     Check  your 

C  1. 
B  2. 


c 

3. 

c 

4, 

c 

5. 

B  ' 

■6 

c 

7 

A 
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AWARENESS  OF  ENERGY  TERMS,  SUPPLY,  AND  USE 
IP-2,  Outline  Facts  About  Energy  Supply  and  Use; 

OBJECTIVES 

Upon  completion  of  this  package,  you  will  be  able  to: 

A.  Discuss  how  energy  is  supplied  and  consumed  in  the  world  and  the  U-S< 

B.  Demonstrate  how  much  energy  is  used. 

RESOURCES ■ 

Same  as  IP-1, 
Pamphlet  * 

Energy  Outlook  1980  -  2000 >     Ey;xon  Corporation,  December  1980. 


2-1 
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ACTIVITY 


Review  the  LnformatLon  found  in  the  set  of  10  transparency  masters  IP"2 , 
1  10. 

Apply  the  informatLon  found  in  A  above  to  construct ing . an  energy  use  time- 
iLne  LndLCatLng  eventual  crisis- 
Examine  reference  material  to  determine  proper  energy  mix  for  United 
States. 


Perform  the  following  calculations 

K      Calculate  the  height  of  a  tank  the  size  of  a  football  field  to  hold  the 
gasoline  equal  to  I  quad  of  energy, 

1  Quad  of  Energy  is  equal  to  8  billion  gallons  of  gasoline  (8 >000  ,000 >000) 
Cubic  Foot  -  1728  cubic  inches 
1  Gallon  -  231  cubic  inches 
Football  Field  =  300  x  160  feet- 

2.      The  total  number  of  vehicles  registered  in  North  Carolina  in  1980  was 

4,A65j225,     (Use  4>465,000  for  calculation-)    A  quad  of  gasoline  energy  has 
been  estimated  as  a  year's  supply  for  10  million  automobiles.     Assume  the 
vehicle^s  registered  were  all  automobiles*     How  many  quads  or  what  fraction 
of  a  quad  would  be  required  for  the  automobiles  in  North  CarolTna  for  one 
year? 

3<      Call  the  Motor  Vehicle  Department  in  your  state. to  (determine  t;he  number  of 
vehicles  registered <     Calculate  the  quads  of  energy  necessary  for  the  auto" 
mobiles  for  one  year. 


Tbe  U,S^  imported  7,4  quads  of  oil  in  1970  and  15,2  quads  in  1980,  an  in-' 
crease  of  7,8  quads  in  ten  years.     If  all  7,8  quads  yere  used  for  auto-- 
mobiles >  how  many  automobiles  would  it  supply  for  one  year?  ^ 

,Make  a  mod&l  of  the  earth  to  demonsttate  the  Greenhouse  Effect,  Mount  two 
spheres  on'a  dowel.  Leave  one  sphere  bare  and  cover  one  sphere  with  clear 
plastic.     Place  the  models  in  the  sun;  measure  and  compare  the'  temperature 

.of  each,  '  ^  ' 
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FEEDBACK 

Objectives  A  and  B  Check: 

1-  Write  a  report  on  the  supply  and  use  of  energy  in  the  world  and  the  U-S, 

2-  Deterinine  the  cost  of  gasoline  required  to'drivc  an  automobile  10,000  miles 
with  an  average  miles  per  gallon  of  15^  14,  25,  and  36,    Use  present  gaso- 
line price. 


FIGURE A8H  .  i  P^^T^ 

World  Consumption  and  Population 


>  J  — 1  1  1  1  1  1  H 

1990  1M0     .     19S0  1900  910  1980  1990 

D«tA  from:    St*tt»ttc*l  Ab»tr*cc  of  th«  Ontf d  St*t««.  1976.    Bur*Au  of 
Caucus  (W««Mn(Caa.  dCI    Dcparcaanc  o£  Comare*)  1976. 

World  En«^  S«pplt«»~;  1930>1974.    Sc*tl«clc*l  ?kp«r. 
5«riM  J?  York:    DaTtad  Maclon*)  1975. 


ENERGY  COIMSUMPTIOIM  IIM  THE  U.S. 

(%/TRILLION  BTU) 


HYDRO/NUCLEAR 

4.a% 

J322;00  BTU 


-SOLAR 

.01% 
7.21  BTU 


.Fossil  fuels  account  for  nearly  95%  of  the  energy  being  used  m  this  country.  | 
These  vital  energy  sources  are  rapidly  being  depleted.  It  is  no  longer  a  question  of  p 
IF  we  will  run  out  of  fossil  fuels;  the  question  is  WHEN.  f| 


.  Source:  U.S.  Bureau  of  Mines 
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FIGURE  A8'11 


rooor 


World  Consumption  and  Population 


St*tl>clc*l  Ab>tr*ct  of  the  tfalfd  Stat«»,  ^1976.    Bureau  of 
C*nstt*  (Uashlngcott,  DC  t    OcparoBciic  of  CosBaeree)  1976. 

World  Engrgy  Suppllo;  1950-1974.    St«tl«tic«l  Paper. 
5«rl«s  J?  #19  7ork; — CEIt"«d  N«cion«)  1975. 
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Figure  2-  U.S.  Energy  Production  and  Consumption 
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U.S.  Energy  Outlook  1977 


7A 


CoalC 
CMIE 
Gas  I 
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Proved  Reserves  Economipalty  Recoverable 
With  Existing  Technology 


77% 


Consumption  Pattern 
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(See  Ftjtiire  *T«erRV  Content  of  PoRAtl  Ft«^la,") 


De^rroenr  of  Enprnjr)  1^78, 


RGURE  A8-3 


Energy  Flow  through  the  U.S.  Economy,  1976 


(in  EJ,10^  JoulesI 


f^roduclton 
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.fter  ttilt  Cook;  Tews  A4M  University 


SIZE  OF  THE  ENERGY  SYSTEM 

IN  MILLIONS  OF  BARRELS  PER  DAY 


NATURAL 
GAS  11.9 


COAL 
7.7 


NUCLEAR 
.4 


OTHER 


12.6  bbl. 
Actually 
^  Used 


25.7    bbls.  wasted 


OWtNNCSaTA  MtNIHC  AHO  MAHU^ACTUmNG  CO«f  ANY  EHCRGYMfTS 


1977 


PRIMARY  ENERGY  FOR  ELECTRICAL  GENERATION 
P»tcsnt 


.ELECTRICAL  USE  BY  ECONOMIC  SECTOR 
Percent 


0«t»  from;    !<ot>chly  StiTgy  tUvl>v.    (VaahlngCqn.  DCi  0«p«rtiaent  of  Energy) 
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Total  Emrgy  m 
FosslMz«d  Carbon 
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Changing  Sources  of  Energy:  PMcent  of  1btal  Consumption 
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AWARENESS  OF  ENERGY  TERMS,  SUPPLY,  AND  USE  . 
lP-3.  How  Pattern  of  Life  Might  Change  with  Less  Cheap  Energy  , 

'OBJECTIVES  ^ 

Upon  completion  of  this  package,  you  will  be  able  to: 
A, .  ^  Discuss  various  life  style  changes  due  to  energy  supply  and  use 


RESOURCES 


Same  as  1P''2  and  IP-2. 
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ACTIVITY 

A.  How  would  your  life  have  changed  '  today  if  the  gasoline,  supply  became  zero 
when  you  woke  up  this  morning?  ^  ■ 

B.  Have  one  student  make  a  chart  or  poster  to  show  how  many  students  in  the 
class  live^in  homes  or  apartments  heated  with  petroleum.  ' 

C.  How  would  the  patterns  of  social  activity  change  if  the  U.S.  was  forced  t 
become  90%  dependent  upon  public  transportation?  *  * 

D-      Have -the  students  do  a  log  of  their  travel  for  one  week  Ajihowingi 

1-  Number  of  miles  to  and  from  school 

2-  Number  of  miles  of  public  transportation   ^  ' 
\3-     Number  of  miles-with  two  people  or  less  in  the  automobile. 

E,  Have  the  Students  make  a  study  showing  any  relationship  between  the  stock 
market  and  tfhe  supply  or  use  of  energy-  ^  ^  " 

F.  Have  the  students  show  how  the  family  income  is  dependent  upon  the  use  of 
the  automobile. 


,  FEEDBACK  _  '  ' 

Objectives        B>  C>  D>  E>  and  F  Check:       '  '-^^"^ 

1.      Write  a  report  on  energy  and  present  it  to  the  class^  .  ' 

2*      Hold  a  class  debate  on  energy  supply  and  use  in  the  United  States  now'and 
in  the  future^  ,        '       *  ^ 
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POST-CHECK  . 
AWARENESS  OF  ENERGY  TERMS,  SUPPLY,  AND  USE 

correctly  answers  each  test  item. 

■Multiple  Choice:    Circle  the  letter  that  best  completes  the  statement. 

-   I   ^ 

1-    Thr>  ability  to  da  work  is  called^ 
A.  horsepower- 

B-    force-     ^  .       .  .  ^■ 

C-    energy.    '  ^  " 

D,    power-  ,  , 

2*    Applying  force  to  cause  motion  is  .  ^         ^  - 

A,  .  power* 

B-    energy*  .  . 

C.    force*  ' 

D-  "work*  "  :  ^ 

3*    The  rate  of  doing  work  1s  called 
A.    control . 

B-    energy*  .  ^ 

C-    cycle.  ' 
D*''-  power. 

4-    A  device  that  converts  human  or  animal  muscje  power,  water,  wind  or  heat 
into  a  more  usable  form  of  energy  is  a 
A.    prime  mover. 

B-    machine*  ^  ,  . 

C-  transmission, 
0*  system* 

5,    An  assembly  of  parts  that  transmits  forces,  motion,  and  energy  one  to 
another  in  a  predetermined  manner  is  called  a 
A.    system*  '  ."^'""^    ■  . 

B*  control- 
C*  '  machine.. 
D-  transmissionv 

6*    A  divice  that  restrains  or  has  a  directing  influence  over  workiqg  forces  is 
cal Eed  a  ;  -  ■  _ 

■A,    system*  ^  l 

B*    control*  "        ^  . 

C*    machine*  * 

transmission*  '  ^ 

7-    i^esjstance  to  relative  motion  between  two  bodies  in  contact  is  termed 
A*  friction* 

B*    heat*  ■  ^ 

C*  pressure* 
D*  vacuutn* 
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lA  476        .  '  " 

Power  Technology  Examination  ^ 

Page  2  .  ^ 

8-    The  ratio  of  force  to  area  is  called 

A-    efficiency-  . 

B,  vacuum, 

C,  friction, 

.  D'. — pressure-  '.  

9,  "The  performance  of  a  machine  compared  with  its  theoretical  maximum  performance 
is  termed 
A.  loss, 
Bi  efficiency, 

C,  friction, 

D,  control, 

10,  The  turning  effort*  or  that  which  tends  to  cause  rotation  in  a  body»^is  called 

A,  torque, 

B ,  circular  energy, 

C,  force- 

D,  inertia,  : 

11,  Energy  exerted  to  cause  motion  or  displacement  is  called 

A,  inertia, 

B,  torque, 

C,  vacuum,       ^  / 
force,  ^ 

12,  the  distance  an  object  moves  because  of  energy  exerted  on  it  is  termed 

A,  displacement, 

B,  vacuum, 

C,  pressure,  - 
Dl  force, 

13,  A  space  completely  devoid  of  matter  is  called  a 

/A,    displacement,  -  ;  . 

B,  matterless,'  ■  -  . 

C,  complete  vacuum.  ■    ,  - 
absence, 

14,  A  group  of  machines'  working  together  to  perform  a  function  forms  a 
A":Z:cycle^  .  . 

'  systentj.^  .  ' 

C, ^.  ojnverteT-x 

D,  ajrrtrol  *      \         ■  -     .  ^  ^ 

15,  A  method  used  to  rel^y  a  force  is  called  a 

A,  vacuum, 

B,  transmission, 

force  activator,     '  ^  r  _  _  , 

D,    crossover,  , ^  ^ 

16,  The  process  of  changing  energy  from  one  form  to  another  iscalled 

A,  conversion,  > 

B,  transmission, 

C,  crossover, 

efficiency.  ^ 
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17»    The  force  that  causes  mechanical  machines  to  do  work  is  called 
A-   muscle  power, 
B-    fluid  power", 
C-    electricaVpower,  -  " 

0-    mechanical  power, 


13-    Liquids  and  gases  used  under  pressure  to  create  motion  or  do  work  exercise 
a  force  called  ' 
A-    muscle  power, 
B- ,  fluid  power,        .  ^ 
C-    electrical  power, 
0-    mechanical  power, 

19-  Force  exerted  on  electrons^to  create  motion  or  work  is  called 
A-    muscle  power,  , 

B-    fluid  power,  . 
C-    electrical  power,  v 
0-   mechanical  power, 

20-  The  advantage  gained  by  use  of  the  device  that  is  transmitting  the  force 
IS  termed  -  - 

A-  vacuum  displacement, 
B-  mechanical  advantage, 
C-  conversion  process- 
or force  multiplication* 

21-  The  force  which  tends  to  keep  a  moving  object  in  motion  is  known  as 
A»    perpetual  motion-       .  ' 

B»  momentum - 

C»  torque - 

0-  inertia- 

22-  A  course  or  series  of  events  or  operations-that  recur  regularly  is  a 
A-  system-  .  .  ._  . 

B-  cycle-  "  , 

C-  period.  ^  . 

C-  pattern-  .  ^  ' 

23-  Man's  first  power  sources  came  from  materials  which 
A-    fell-  . 

B-  expanded- 
C-  were"l3umed- 
0-    absorbed  oil  - 

24/  The  source  of  all  fuels  i§ 
A-    the  sun- 
B-    the  sea- 

_C»  ,  trees-  '        ^  ' 

0-  ^ inner  earth- 

25»    A  simple  machine  cannot  increase  the  amount  of 

A-    force-  '  ' — - 

B-  speed- 
C-  distance/ 
0-  work- 

-  ^  31 
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25,    The  device  used  to  harness  sunlight  and  convert  it  into  electrical  energy  is  a 
A,  thermocouple* 
B*    solar  cell , 
C-    fuel  cell- 
D-    solar  reactor, 

■  ■ 

27,  One  of  the  first  natural  energy  sources  used  by  early  man  for  transportation  was 

A,  fire* 

B,  wind- 

C-  steam,  - 

D,  fossil  fuels,  '  . 

28,  One  of  the  least  polluting  fuels  is 
A-  alcohot. 

B.  diesel  fuel - 

C.  wood, 

D.  ;_coal- 

29,  The  most  dangerous  pollutant  resulting  from  nuclear  power  is 
A,    thermal  pollution, 

air  pollution,  .  . 

C,    noise  pollution, 

radioactive  contamination, 

30,  Photochemical  sirwDg  is  created  by 

A,  sunlight  and  water  vapor,  _  ^ 

B,  high  temperature  and  exhaust  gases- 

C,  exhaust  gases  and  high  humidity, 

D,  sunlight  and  exhaust  gas. 

31,  A  liquid  measure  of  oil  equal  to  42  gallons  of  oil  is 
..A,  quad, 

B,  *  BTU.  '  '  '    ^  .  , 

C,  barrel  -  /-i,,. 

D,  megawatt, 

32,  Living  matter,  plant  and  animal,  in  any  form  is  identified  as 
A-  synfuels, 

B,    methane  ,  .  - 

C-    gasohol  -         *        "  ■ 

D-  biomass- 

33,  The  alcohol  mixecf  with  lead  gasoline  to  make  gasohol  is  named 

A,  methane- 

B,  carcinogen,  -  .  . 

C,  ethanol ,  -  * 

D,  denatured,  ^ 

34,  The  ratio  of  useful  output  (work)  based  on  input  is  known  as 

A,  -efficiency* 

B,  BTU's,  *  :  , 
'  cogeneration,  - 

D,  megawatt. 
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ASSESSMENT  OF  CONVENTIONAL.  ENERGY  SOURCES 


There  is  an  increased  interest  and  critical  need  for  society  to  become  more 
aware  of  energy  related  issues  which  Industrial  Arts  Education  should  teach, 
Stu<^nts  armed  with  the  use*  availabilityj  and  society  issues  related  to  convene 
tional  energy  sources  will  be  able  to  make  informed  decisions  as  an  individual 
and  a  member  of  society,  j 

TERMINAL  PERFORMANCE  OBJECTIVE 

After  completing  the  module  the  student  will  have  increased  his/her  knowl- 
edge of  the  availabilityj  problems*  and  cost  of  conventional  energy  sources. 
This  knowledge  will  be  demonstrated  by  a  grade  of  90  percent  or  better  on  the 
Post-Check,      .  *  ^ 


INSTRUCTIONAL  PACKAGES                     .           '       *  KNC^  NEED. 

IP-l-  Assessment  of  Oil  as  an  Energy  Source     

IP-2-  Assessment  of  Gas  an  an  Energy  Source    -   

IP-3,  Assessment  of  Coal  as  an  Energy  Source  _^  ^  

IP-A,  Assessment  of  Nuclear  as  an  Energy  Source   
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PRE-CHECK 

ASSESSMENT  OF  CONVENTIONAL  ENERGY  SOURCES 


If  you  wish  Co  assess  your  knowledge  of  coiivencional  energy  sources,  cake  che 
following  Pre-Check:  -     ^  '  ^ 

DIRECTIONS:        Circle  T  for  crue  or  F  for  false!!-  . 


I 1 ,         Assessmenc  of  Oil  as  an  Energy  Source *  ■ 

T  F    1.      The  amounc  of  energy  used  worldwide  is  expecced  co  decrease  during  che 
i980's. 

T  F    2.       Oil  is  normally  bought  or  sold  by  the  con, 

■\ 

::.T  F    3.      In  1980,  che  U.S.  consumed  more  Chan  a  fourch  of  che  worldwide  pro- 
duccion  of  oil. " 

T' F    4-      Four  cimes  as  jnany  oil  wells  have  been  drilled  in  che  U,S,  as  in  che 
resc  of  che'world. 


lP-2,         Assessment  of  Gas  as  an  Energy  Source 

T  F:  1,      In  1980,  che  U,S,  was  almosc  self-suf f icienc  in  nacural  gas, 

T  F    2,      The"  U,S,  has.  sufficienc  known  nacural  gas  reserves  co  supply  our  needs 
for  ac  lease  100  years,  * 

T  F    3,      Unconvencional  sources  of  nacural  gas  include  shale*  cighc  sands* 
and  geopressured  zones. 

IP-3 .  Assessmenc  of  Coal  as  an  Energy  Source, 

T  F    1,      Even  if  coal  use  doubles  during  che  nexc  cwency  years*  supplies  are 
expecced  to  lasc  over  500  years- 

T  F.  2.      The  United  Scaces  has  more  Chan  one-half  of  che  free  world's  coal 
^  resources, 

T  F    3.      One  of  che  major  problems  wich  using  more  coal  is  pollution  from  the 
emission's  when  it  -is  burned, 

T  F    4,      Coal  can  be  converted  to  a  gas  which  will  bum^  relatively  clean  and 
sulfur  free.  .  * 
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PRE^CHECK  - 
(Continued)  ^ 
Assessmenc  of  Nuclear  as  an  Energy  Source 

In  1980,  only  12  percent  of^the  United  States  electrical  power  was 
being  generated  witli  nuclear  fuel. 

Public  opinion  and  government  policy  are  the  main  obstacles  to  in- 
creasing nuclear  electric  generation. 

The  U,S,  had  over  lOO  operable  nuclear  electric  generating  plants 
in  1980,  ^      ■  " 

If  nuclear  fusion  reactors  are  developed  for  commercial  use,  it 
vast ly .decreases  the  need  for  fuel  and  the  production  of  radioactive 
waste. 
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PRE-CHECK  KEY 


ASSESSMENT  OF  CONVENTIONAL  ENERGY  SOURCES 


Assessment  of  Oil  as  an  Energy  Source 

''  .  ■         ^        ■  ' 

1-  False  / 

2.  False 

3.  True  ^ 

4.  True 


Assessment  of  Gas  as  an  Energy  Source  ^ 

K  True 
2,  False 
,3,  ;True 

Assessment  of  Coal  as  an  Energy  Source 

1 .  True 

2,  ■  True 

3.  True 

4,  True 

Assessment  of  Nuclear  as  an  Energy  Source 

1,  True 

2,  True  ^ 

3,  False  (about  72) 

4,  True 
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*  *■  *  ASSESSMENT  OF  CONVENTIONAL  ENERGY  SOURCES 

IP^1<*        Assessment  of  Oil  as  an  Energy  Source 

OBJECTIVES  . 

Upon  completion  of  this  instructional  package,  you  will  be  able  to; 

A<      Identify  and  discuss  at  least  two  factors  affecting  the  price  of  oil<. 

B< _     List  and  discuss  three  factors  that  affect  the  time  before  our  supply 
of  oil  is  exhausted  as  a  major  energy  source- 

C.  Name  the  limitations  of  oil  supplies. 

D,  List  economic  and  political  effects,  of  depending  upon  foreign  oil. 

*^  ■  '  * 

RESOURCES    ,  ,       _  . 

Books: . 

Two  Energy  Futures:    A  National  Choice  for  the  80's,    American  Petroleum  Inst 
tute,  2102  L  Street,  NW,  Washington,  DC    20037,  August^l980,  34-54, 

Energy-Environment  Source  Book,     National  Science  Teachers  Association: 
1742  Connecticut  Avenue,  NW,  Washingtonv-DG    20009,  1975,  115'-ll6, 

Magazines: 

"Oil  Lifeblood,"    National  Geographic,  February  1981,     pp,  58-59, 
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ACTIVITY 

A-      Read  each  of  the  resources  listed* 


B<      According  to  the  Energy-Environment  Source  Book,  page  H6 ,  52  billion 

barrels  of  oil  is  the  total  recoverable  from  identified  oil  fields  in  the 
United  States*    A  chart  on  page  23  of  Two  Energy  Futures  shows  a  daily 
produc^tion  of  10-2  million  barrels- 
Assuming  production  remains  stable,  calculate  the. number  of  years  before 
our  known  recoverable  reserves  are  consumed.     (Note;    The  U<  S*  consumesL. 
over  18  million  barrels  per  day< ) 

Answer:.   years 

C.      What  is  the  immediate  problem  with  depending  upon  oil  as  a  major  energy 
source? *  Write  two  .or  three  sentences  (economic-political) < 

D<      What  geographic  areas  of  the  U- S<  have  the  most  potential  for  new  oil 
discoveries?  -  <  " 

■  * 

Il<      Read  the  attached  information  sheet.    Which  two  sources  of  energy  are  pre 
dieted  to  be  increased  significantly? 

1,    ^   2-  _^  


FEEDBACK 

 = 

Objective  A  -  D  Check: 

B,       14  years  -  3723  million  barrels  per  year 

C-      Dependence  upon  imported  oil  —  it^  effect  on  our  economy  —  unstable 
supply  line 

D<      Offshore  and  Alaska 

E^   .  Coal    -  Nuclear 
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t  X?~l'   Information  Sheet 


ALL  ENERGY  USE  IN  0*S*A. 


Actual 

1979  *■ 

Oil 

47.5% 

Natural  Gas 

25.5% 

Coal 

19.3% 

Hydro 

4.1% 

Nuclear 

3.5% 

Pred icted 
1995 

•35.1% 
.16.2% 
34.3% 
3.5% 
ll'.0%. 


TOTAL  ENERGY  USE. 


78.0  Quad 


115 »b2  Quad 


Notes:        1.      73%  of  all  energy  used  in  the  U.S.A.  during  1979  came  from  oil 
and'-natural  gas.  j" ^ 

2.  »    One'  Quad  ='10l5  btUs  =  175,000,000  barrels  of  oil. 


Source : .     Professor  iJoolittle,  speaker  at  workshop^  6/16/81 
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ASSESSMENT  OF  CONVENTIONAL  ENERGY  SOURCES 

IP-2-  Assessment  of  G^s  an^ an  Energy  Source. 

OBJECTIVES  ' 

Upon  completion  of  this  instructional  package*  you  will  be  able  to: 
A-      List  the  advantages  of  gas^  as  a  fuel- 

B-      Discover  the  supply  limits  of  natural  gas- 

/■  ,  .  *  - 

RESOURCES  '  ^  ^  . 

'"  Books: 
Same  ks  IP-K 
Magazines : 

"Natural*  Gas  -  Clean,  Convenient,  and  Cheap,"    National  Geographic*  February 
1981,  pp,  60-61.       ■  .  - 


lERlC 
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ACTIVITY 


5 


A,  Read  the  resources  lisced,  ^ 

B,  According  to  the  Energy-Environment  Source  Book^  page  117,  290  trillion  — 
cubic  feet  of  natural  gas  is  the  total  recoverable  from  identified  fields 
The  annual  consumpcion  of  natural  gas  is  approximately  21,000  billion  cub 
feet.     Assuming  that  consumpcion  remains  stable,  calculate  the  number  of 
years  before  our  known  recoverable  reserves  are  depleted. 

Answer:   ^years  *  /  > 

*  f 

C,  The  highest  estimate  of  undiscovered  natural  gas  resources  in  the  U^S+  is 
655  trillion  cubic  feet+    At  a  consumption  rate  of  21,000  billion  cubic, 
feet,  calculate  the  number  of' years  before  the  projected  reserves  of  gas 
would  be  depleted. 

Answer:   years 


FEEDBACK 

Objective  B-C  Check: 

B*  13,8  years 
C,      31,2  years 
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ASSESSMENT  OF  CONVENTIONAL  ENERGY  SOURCES 

IP-3-  Assessment  of  Coal  as  an  Energy  Source 

OBJECTIVES 

Upon  completion  of  this  instructional  package,  you  will  be  able  to; 

A.  ,  Estimate  the  number  of  years  that  coal  supplies  will  last  based  on. present 

consumption.  ^  ^ 

B.  ffame  and  discuss  the  "environmental  problems  associated  with.  coal. 

*^ 

RESOURCES 

.  Books;    '  ,  ~  ^ 

Tvo'Energy  Futures;     A  National  Choice  for  the  80's.     Americ^an  Petroleum  Insti- 
tute, August  1980,  pp.  62-86, 

Energy-Environment  Source  Book,    National  Science  Teachers  Association,  1975, 
pp,  114-li5, 

Magazines;  ^  .  '  ^ 

,    Voung,  C,     "Will  Coal  be  Tomorrow's  Black  Gold?"    National  Geographic,  August 
1975,  pp.  234-25'9. 


ACTIVITY 


A,  Read  the  resources  listed, 

B,  According  to  the  EnergyEnvironment  Source  Book,  page  115,  3,2  trillion 
cons  of  coal  is  the  total  U-S,  coal  resources.    Assuming  chat  the  annual 
U,S,  consumption  of  coal  approximately  doubles  to  1,200  million  tons, 
^calculate  the  number  of  years  before  our  known  recoverable  resources  are 
depleted,  *  .  ^ 

Answer:  -  years 

Note:  The  U,S,  is  an  exporter  of  coal  and  this  was  not  considered  in 
the  consumption.  Therefore,  U,S,  production  exceeds  U,S,  con- 
sumption and  the  number  of  "years  of  reserve  is  less, 

C,  Complete  the  chart  below  which  shows  the  environmental  problems  of  coal 
— ■ — - — divided  as  shown. 


SITE  WORKER 

a,  '  a, 

MINING  b,  \  b- 

,c,  c. 


POLLUTANTS  EFFECTS 

a,  a,  ' 

BURNING  b,  b,  ' 

d. 


FEEDBACK 


Objective  A-C  Check: 
B,      2 ,666  years 
C-  SITE 


WORKER 


a,     reclamation  of  site^ 
b-  erosion 

c,  pollution  of  water  near  site 
POLLUTANTS 


a,  injuries 

by  illness  (black  lung) 
c,  deaths 

EFFECTS 


a,  sulfur  oxide 

b,  nitrogen  oxide 

c,  carbon  dioxide 

d,  particulates  (dust,  fly  ash,  etc) 


a,     acid  rains 
Id,     greenhouse  effect 
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^ASSESSMENT  OF  CONVENTIONAL  ENERGY  SOURCES 

IP-4-  Assessment  of  Nuclear  as  an  Energy  Source 

OBJECTIVES 

Upon  completion  of    this  instructional  page»  you  will  be  able  to: 

A-      Cite  factors  which  will  affect  the  amount  of  energy  available  from  nu- 
clear fuel- 

B-      List  and  discuss  the  advantages  of  nuclear  energy  as  a  fuel- 

RE SOURCES       ;  ' 

Books :  

Same  as  (Two  Energy  Futures,  pages  87-94)  (Energy-Environment,  pages 

118-121)  . 

Magazines;  . 

"The  Promise  and  Peril  of  Nuclear  Energy."    National  Geographic,  April  1979. 
pp,  459-493. 

"Uranium  -  Too  Hot  to  Handle?"    Rational  Geographic,  February  1981.     pp.  66-67 
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ACTIVITY 


A,  Read  the  resources  listed. 

B,  Refer  to  resource  "The  Promise  and  Peril  of  Nuclear  Energy,"  National 
Geographic ,  April  1979,  and  answer^ the  following  questions: 

1,  What  is  the  cost  of  a  pellet  of  enriched  uranium  for  a  nuclear 
reactor? 

2,  The  energy  content  of  each  pellet  is  about  the  same  as   

barrels  of  oil,  ' 

3,  What  is  the  minimum  dose  of  radiation  that  would  be  lethal  to  most 
people?  * 

FEEDBACK  . 

Objective  A  jr  B  Check:  ^  . 

B.      1,      $5  to  $10  Cp,  461) 
1.      4  barrels  Cp,  461) 

3-      600  rems  Cp-  466)  / 
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PpST-CHECK 

ASSESSMENT  OF  CONVENTIOl^AL  ENERGY  SOURCES 


5. 

7. 
8. 


9. 
10. 
11. 

12. 


13. 


14. 


Name  at  least  two  factors  which  affect  the  price  of  oil.' 

Name  two  factors  which  affect  the  length  of  time  before  the  world's  oil 
supply  i;;  exhausted.  ^  ^ 

Name  a  man-made  material  which  is  developed  from  fossil  fuels. 

List  three  economical-political  effects  of  importing  quantities  of  oil 
at  higher  and  higher  prices. 

The  total  energy  used  in  the  U.S.  during  1979  was  approximately  

quads. 


The  total  energy  use  predicted  for  the  U.S.  during  1995  is 
One  quad  is  equal  to    BTU's- 


q^ad  s . 


If  the  U;S.  is  to  continue  to  use  natural  gas  at  the  present  rate  for  the 
next  45  years,  we  will  have  to  find  approximately 

a.     100%  B.     200%  ^C.     300%  D;  50% 

more  than  presently  known  reserves. 

List  at  least  two  advantages  of  natural  gas  as  a  fuel. 

Which  nation  has  over  half  the  free  world's  known  supply  of  coalt 

In  1980  J  nuclear  plants  jjrovided  about  12%  of  the  electricity  produced  in 
the  U^S.    The-  electricity  out  of  these  plants  was  equal  to  approximately 
 million  barrels  a  day  of  oil. 

Given  the  size  and  number  of  nuclear  reactors  which  have  construction 
permits  or  limited  work  authorizations,  experts  expect  that  nuclear 
energy  in  the  U.S.  can: 


Double 


b.  Triple 


Quad ruple 


List  three  factors,  other  than  public  opinion,  which  are  limiting  the 
development  of  nuclear  reactors  in ^ the  U.S. 

In  addition  to  the  problems  of  mining  coal,  pollution  from  burning  and 
solid  waste  disposal^  there  is  one  more  obstacle  for  rapid  expansion  of 
coal.     It  is   * 
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POST-CHECK  KEY 


ASSESSMENT  OF  CONVENTIONAL  ENERGY  SOURCES 

I-      a,       supply  vs-  demand 
cost  of  recovery 

c,  cost  of  exploration  * 

d,  artificial  costs  added  to  reduce  demand 

*  .  ■  ■ 

2,      a,      conservation  ^ 
b,       the  success  of  future  exploration 

c-      development  of  alternative  fuels  which  can  bo  provided,  cheaper  than 

oil  .  -  ^  , 

3-  Plastic 

'4,      a,      unfavorable  balance  of  trade 
b,  inflation 

c-       falling  value  of  the  dollar 

5-  78  Quad 

Si 

6-  115.  Quad  '  - 

7-  One  quadrillion  or  lO^^.gxU's  ^ 
8.      c-  300% 

9-      a-      relatively  clean  burning 

b-      few  environmental    problems  in  obtaining  it  from  the  ground  c, 
convenient  to  use  — continuous  delivery  ^ 
d-      presently  cheaper  to  purchase  -per  BTU 

10-^     The  United  States  > 

11.  1.3  mbde 

12.  b.  Tripde 

13.  a.      enrichment  services  by  federal  government 

b.  '     stor^e  of  spent  fuel 

c.  licensing  of.  plant 

d.  large  capital  outlay 

14.  Transportation  (railroad  capacity,  port  capacity,  the  development  of  pipe- 
lines) 


O  .  .  48 


MODULE  FOUR 

/ASSESSMENT  OF  SELECTED  RENEWABLE  ALTERMTIVE  ENERGY  SOURCES 
TERMS,  'CRITERIA,  AVAILABILITY,  CONSUMPTION,  AND  ENVIRONMENT 


Prepared  ^ 

- 

by 

I>ouglas  R-  Parker 
Industrial  Arts  and  Technology 
Cheyney  State  College 
Cheyney ,  Pennsylvania 


USDOE  Sponsored  F^iculty  Devolopmenc  Workshop  on  Energy 
Conserviition  for  lAE  at  Norch  Carolina  State  University, 
June  19S1  -  R,E,  Wenig,  Director 
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ASSESSMENT  OF  SELECTED  RENEWABLE 
ALTERNATIVE  ENERGY  SOURCES 


The  field  of  research  and  knowledge  are  expanding  rapidly  in  the  orea  of 
renewable  alternative  energy  sources.     If  is  not  the  intention  that  this  module 
cover  the  assessment  of  this  whole  ^rea.     Its  purpose  is  rather  to  provide  a 
starting  point.  - 

TERMINAL  PERFORMANCE  OBJECTIVE 

. 

After  completing  the  module  the. student  will  be  ^ble  to  identify  the 
meaning  of  90%  of  the  terms  used  in  this  module  relating  to  renewable  alter- 
native energy  sources  and  their  assessment.    He  or  she  will  also  apply  evalua- 
tive factors  included  in  the  module  to  selected  alternative  energies. 

INSTRUCTIONAL  PACKAGES  KNOW  MEED 

^^^^^^ 

IP-l.  Terms  


Solar  Energy    '  . 
IP-3.  Wind 
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PRE-CHECK 

ftlTERNATIVE  ENERGY  SOURCE  ASSESSMENT 


MATCHING    "  \ 

ISelecC  Che  best. match-     (Fourteen  of  the  fifteen  should  be  answered  correct- 
ly to  test  out  of  the  modul^^,  )] 


lP-1. 


Torms . 


Solar  Energy 


1P^3. 


Wind 


1 . 

Wood  . 

Darrieus 

Wind 

Ethanol  . 

3r 

Geo thermal  , 

\  xC. 

Voltaic  cell 

u. 

^olar 

\  ^' 

Combustion 

5, 

Pyrolysis 

\  E. 

Continuous  Alternative  Source 

6. 

■  OPEC 

'  F.: 

Steam 

7, 

Assessment 

G. 

Energy  Unit 

8. 

Therm 

.  H. 

Organic  Waste 

9. 

Biomass 

^  I.  ■ 

Criteria 

10.  . 

Silicon 

J. 

Trombe  Wall 

11. 

Degree -Day 

K. 

Phase  Change 

12- 

Retrofit 

.  L. 

Inertia 

13.  , 

Gyropower 

M. 

Ambient  Variation 

14. 

"  Radiation 

N. 

Alternation 

15. 

Latent 

0. 

li 

Elec  troiha'&rt^  ic  ^  
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PRE-CHECK  ECEY 


ALTERNATIVE  ENERGY  SOURCE  ASSESSMENT 
IP^l.         Terms  Solar  Energy  '  lP-3. 


1. 

D 

■  2. 

A 

3- 

F 

4. 

J 

*> . 

H 

6, 

E 

7- 

1 

8. 

G 

9. 

'B 

10. 

C 

11. 

M 

12. 

N 

13. 

L 

1*4. 

0 

15-. 

K 

3 
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ALTERNATIVE  ENERGY  SOURCE  ASSESSMENT 


IP-i,  Terms 
OBJECTIVES. 

jlfpon  completion  of  phis  instructional  package,  you  will, be  able  to- 

A,      Write  out  the  meaning  of  90%  of  the  terms  listed  in  this  instructional 
package- 

L 

B<      Complete  the  terms  search  puzzle  and  write  out  the  secret  message/ 

C<      List  at  least  five  (5)  reference  sources  including  books  and  magazines. 
( from,  the  local  lihrary  or  wherever)  on  the  topic  of  alternative  energy 
sources-     *  ' 

RESOURCES 
Books: 

Successfuly  Alternative  Energy  Methods.     Ritchie,  James.     Structures  Publish-- 
ing  Co:     24277  Ludoplex  Circle,  Box  1002,  Farmington,  MX,  1980. 

Introduction  to  Energy  Technology.     Shepard,  M.L. ,  et  al.    Ann  Arbor  Science 
Pul>lishers,  IncT;     BoA  1425 ,  Ann  Arbor,  MX,  Softcover,  1978. 


4 
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ACTIVITY 


A, 


Write  out  the  ineaning  of  each  of  the  following  terms: 


Alternative  - 
Assessment 
Biomass  - 
BTU  -  ' 
COP  - 
Cell  - 
Collector  - 
Criteria  - 
Current  - 
Darrieus  - 
Degree  Day  - 
Efficiency  - 
Etbanol  -! 

Fuels  - 

Geothermal  - 

Gyropower  - 

Heat  - 

Hybrid  - 

Latent  -  . 

Methanol  - 

OPEC  - 
Payback  - 
Passive 


Photosynthesis 
Pyrolysis  - 
Radiation  " 
Renewable  - 
Retrofit  - 
Savon ius  - 

Silicon  - 

Solar  - 

StiH  - 

Temperature'  - 

Therm  - 
^  Tide  -  V 

Trombe 

Waste  " 

Waterwheel  - 
\  Waves  - 

Wind  - 

Wodd  - 

^  \ 
R  Factor 

U  Factor  - 
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ArrivrXY  (Continued) 


5.      Enclose  che  cercns  of  chis  unic  in  a  box  as  illustrated  and  write  out  th 
secret  message. 


C.      List'at  lease  five  (5)  reference  sources  frocn  che  library  or  elsewhere. 
These  can  be  books  or  magazines  with  appropriace  arcicles  relating  to 
alternative  energy  sources-     Include  a  comment  of  content  on  each  refer 
ence. 

Identify  by  listing  the  conventional  energy  sources  as  opposed' to  alter 
nacive  energy  sources. 
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FEEDBACK 

Objective  A  -  C  Chf?ck : 

1,  Turn  in  your  writCen  tcnn  fneanings- 

2,  Turn  in  your  completed  Cerms  search  puzzle, 

3,  Turn  in  your  annocate<3  reference  list  and  list  qf  conventional  energy 
sources ,  \  = 
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ASSESSMENT  OF  ALTERNATIVE  ENERGY  SbURCES 


IP-2<  Solar  Energy 

'You  hove  Learned  fr^P^che  terms  i?earch  puzzle  that  solar  energy  is  our 
primary  source  of  energy  here  on  earttj<     The  sun  tw>c  only  provides  oar  wartntb 
and  daylight,  it  causes  our  weather  includirtg  the  wind,  rain,  snow,  the  rivers 
with  th*;ir  hydro-power,  ocean  tides  (with  the  inoon)  and  ocean  currents,  and 
also  all  of  Our  food  and  fuels*    Animals  are  dependent  upon  plants  and  plants 
ore  produced  through  a  process  of  photosynthesis.     This  process  is  also  neces-* 
sary  for  producing  present  fuels  including  wood,  alcohol ^  and  others  along  with 
Our- conventional  fossil  fuels,  which  formed  over  millions  of  years  under  extreme 
pressurtr. 

We  are  also  continuing  to  learn  how  to  use  the  Jun  more  directly  through 
«olnr  lu:tt  both  passive  and  active,     V/e  arc  applying  solar  -to  the  heating  of  our 
homes,  wat*;r,  and  ,oth<:r  processes.     There  is  much  to  be  learned  about  solar 
energy* 

OBJECTIVES  . 

Upon  completion  "of  this  instructional  package,  you  will  be  able  to: 

A.      Locate  an  article  that  compares,  solar  systems  and  indicates  three  pros 
and  cons  fo"r  various  systems* 

Construct  a  coffee  can  solar  collector  and  compare  three  types  of  cover 
materials  and  different  types  iTisulation  and  discuss  the  results, 

C,      Locate  a  solar  installation  in  the  aroa  and  make  a  simple  sketch  of  it 
indicating  the  type  and  purpose, 

RESOURCES  .  ^ 

Books:  .  ^ 

Solar  Houses  -  48  Energy-Saving  Designs,    Gropp,  Louis,  "  A  House  and. Garden 
Book,  Pantheon  Books,  a  Division  of  Random  House,  Tnc, ,  New  York,  1978, 

Energy  Primer  -  Solar,  Water,  Wind,  and  Biofuels,     Merrill,  Richard,  and  Thomas 
Gage,    Dell  Publishing  Co,  ,  Xnc:     1  Dag  Hammarsk jold  Plaza,  New  York, 
NY    10017,  Revised  Edition,  1978,  ^  ^ 

Solar  Energy  Projeet-  -  ,^n  Overview,     U,  S,  Dept,  of  Energy,  Assistant  Sec- 
retary for  Conservation  and  Solar  Energy,  Office  of  Solar  Applications, 
Washingtoa,  DC    20585,  D0E/CS^0124,  1980,         '  .  = 
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RESOURCES  (Continued) 


Books : 

Factsheets  and  Other  Materials,     National  Science  Teachers  Association,  Dcpt, 

of  Energy,  Technical  Information  Center,  P.O,   Box  62 ,  Oak  Ridge,  TN  37830 

Magazines;   

Solar    Afte    and  New  Shelter:    News  Stand. 
« 

Ini^tructional  Sheet:     IP-2-2  " 


ACTIVITY 


A.  Locace  an  arcicle  from  a  source  such  as  "Solar  Age"  or  "New  Shelter," 
(May/June  1981,  "Five  Solar  Systems  Compared:     Which  One  is  Besc  for  You"?) 
chat  compares  solar  systems  and  list  chree  pros  and  cons  for  three  of  the 
systems, 

B.  From  DOE/CS-0124  -  Construct  a  Coffee  Can  Solar  Colleccor  as  indicaced  and 
graph  the  resulcs.    The  raacerials  needed  will  be: 

.fZie      I  lb,  coffee  can  with  plastic  cover  or  similar  can 

one      3  lb,  coffee  can  wich  plastic  cover  or  s^^milar  can 

one      standard  laboratory  thennometer  C-JO  C  co  110  C)  ' 

Assorted  pieces  of  transparent  and  translucent  maccrials  such  &.s  plastic 
wrap,  polyethylene,  waxed  paper,  etc,   (large  enough  to  cover  the  small  can) 

one      watcher  clock  wich  second  hand 

one      can  of  flat  black  spray  paint 

C.  Locace  a  ijolar  inscallacion  in  the  area  and  make  a  sketch  of  ic,  Indicare 
Che  cype  of  inscallacion  (passive,  accive^  or  hybrid)  and  its  purpose 
(wacer  Tieacing,  space  beating,  or  combinacion)  using  what  process,  PLease 
explain, 

-^SEE  INSTRUCTIONAL  SHEETS  and  IP-2-2, 

FEEDBACK 

6&:}^^cc{ve  A-C  Check:        .  ^  ^ 

A,  Tura  in  your  comparative  ancicle  evaluations. 

B,  Turn  in  your  graph  obtained  from  Cb.e  Coffee  Can  Solar  Colleccor, 
C      Turn  in  your  skecch  and  commencs  of  the  solar  inscallacion. 


INSTRUCTIONAL  SHEET  IP-2-1 


SOUR  ENERGY  IN  A  COFFEE  CAN 


lb  coffee 
can  ^ 


plasHc  cover  with  center  cut 
^^^^^     out  leave  about  1  cm  ri 


hole  punched  to  fit  thermometer 


^  cover  2  (If  used; 


cover  1 

lib  coffee  can 
collector 

^  K>  coffee  cai 


thermometer 


MnHOD 

1- 

2- 


6 

7 . 

8. 
9. 


lEMC 


Spray  che  inside  of  che  smaller  can  wich  black  painc. 

Punch  a  hole  in  che  side "of  che  small  can  co  fic  che 
thermometer. 

Punch  a  hole  in  che  oucer  can  so  chac  che  chermometer 
can  pass  chrough  ic.    Allow  for  che  insulacion  being  placed 
in  che.  outer  can.     Small  can  will  rest  on  chis,  noc  on  che 
botcom  of  che  oucer  can. 

Cut  che  center  ouc  of  che  small  can\s  plastic  lid*  leaving 
a  1cm,  rim.     (See  diagrap^  .above)  , 

Choose  one  of  che  jcover  macerials  co  screech  across  che  cop 
of  che  smaller  can.     Hold  the  material  secure  by  replacing 
che,  cut  ouc  plastic  lid; 

Puc  che  small  can  inside  the  larger  can- 

Insert  che  chermomecer  chrough  the  hole  in  The  large  can 
and  then  fic  ic  snugly  inco  che  smaller  inside  can. 

Place  your  solar  colleccor  in  che  sun  and  record  che 
temperacure  each  minute  for  15  minuces- 

Plot  che  daca*  cemperacure  vs,  cime,  on  a  graph.  Compare 
your  resulcs        che  results  of"  chose^  scudents  who  used 
ocher  cover^ma^ceriale",  -  "  ™"  — 


INSTRUCTION  SHEET  IP-2-2 


10,  Repeat  procedures  #7  and /jF8 ,  but  this  time  use  an  insulation 
material  such  as  cotton.     Make  sure  you  put  the  insulating 
material  in  all  the  spaces  between  the  two  cans  including 
the  space  underneath  the  center  can.     After  you  collect  this 

'  data  for  cotton,   try  3  .or  4  other  insulation  materials. 

11.  Co.mpare',  on  the  same  set -of  graph  axes,  the  various  types 
of  insulation  used.     You  may  need  to  ask  your  teacher  to 
help  you  with  this  graph. 


LOOKING  BACK 

Solar  collectors  can  be  made  from  a  variety  of  inexpensive, 
readily  available  materials.     The  goal  of  the  design  is  to  permit  the 
solar  energy  to  be  trapped  and  converted  into  heat.  One  indication  of 
collector  performance  is  the  change  in  air  temperature  achieved* 
Collector  performance  can  be  changed  by  altering  the  covering  material 
through  which  the  sun's  rays  pass  and  altering  the  insulation  materials 
used/  -  * 


QUESTIONS 

*  " 

1,     According  to  your  graphs^  which  type  of  cover  material  on 
the  small  can  appeared  to  be  most  effective? 

2-  Why  is  it  necessary  to  use  insulation  in  a  solar  collector? 
Which  type  of  insulation  seemed  to  work  best? 

3-  Of  those  materials  you  used^  which  combination  of  glazing^ 
and  insulation  material  would  ycu  recommend,  for  a  solar 
collector? 

'  GOING  FURTHER 

What  effect  does  the  slant  of  a  collector  hav^  on  the  jCemp-  ^ 
erature  attained?     Try  different  angles  of  orientation 
(slant  toward  the  sun). 

.    '      -  ^  What  effect  would  sub-freezing  temperatures  outdoors  have 

on  temperatures  attained?  Would  solar  collectors  be  practical 
in  colder  climates? 

How  do  wind  or  cloud  cover  affect  the  collector's  performance? 

How  would  adding  an  additional  cover  to  the  outside  can  affect 
performance? 

Would  changing  the  color  of  the  inside  of  the  small  can 
affect  the  energy  collected? 
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ASSESSMENT  OF  ALTERNATIVE  ENERGY  SOURCES 
IP-3.  Wind  '  ' 

OBJECTIVES 

Upon  completion  of  this  instructional  package,  you  will  be  able  to: 

A,       Closjtify  twi^nty  (20)  wind  cncr^;):  converters        i  11  ust  ratrd  accord  in>;  to 
^■^  drag  and  axis  tac^torii, 

5,      Match  the  names  of  ten  (10)  wind  machines^ with  their  illustrations. 

Construct  an  anemometer  with  simple  materials  as  illustrated  in  the  acti- 
vity. 

Use  the  anemometer  to  take. and  record  wind  speed  measurements  in  his  or 
her  area- 

E,      Apply  two  equations  concerning  wind  velocity  ,^and /plade  diamet<^r  as  given 
in  the  introduction  ^nd  work  two  wind  problems, 

RESOURCES 
Books; 

Power.  Primer  Mover  of  Technology,     Duffy,  Joseph  W,     Bloomington,  IL:  * 
>1cK:night,  p.  13-X5, 

wind  and  Windspinners,     Hacklemann,  A,  and       House,     Earthwind:     Saugres,  Ca 

The  Dutch  Windmill,     Stokhuyzen,^  Frederick.     Univers€r  Books:    New  York,  1963. 

Producing  Your  Own  Power,     Stover,  Carol.     Rodale  Press:  Ermaaus,  PA,  1974. 

The  English  Windmill.     Wailes,  Rex.     Routeledge  and  K.  Paul:    London,  1967. 

Magazines:  j*.. 

"Watts  from  the  Wind."    Buckwalter,  L.     Mechanix  Illustrated,  -  March  1975, 
pp.  40-41. 

"Interest  in  Winds  Is  Picking  Up  ^s  Fuels  !>windle-".  Clark,  W.  Smithsonian, 
November  1973,  p.  70. 

*  -       *  . 

"Overview  of  WECS  Program."    Divone,  L.     Proceedings  of  the  Second  Workshop  on 
World  Energy  Conservation  Systems,  ERDA,  Washington,  DC,  June  9-11,  1975. 
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RESOURCES  (Continued) 
Magazines: 

Building  a  Wind  Tunnel-     Estes  Industries ,  Technical  Report  TR-5.*  Penrose, 
CO,  1965.  * 

**Can  We  Harness  the  Wind?*'    Hamilton*  R.     National  Geographic,  December  1975, 
pp.  812-828. 

"Measure  the  Speed  of  the  Wind.*'    Hawkins^.H.  and  J.  Ferliot.     Industrial  Ed- 
cation*  May/June  1975*  p.  46-49. 

**Windpower.  **    Kruger,  J.     Popular  Science  ^  January  1976*  p.  103. 
**He  Rides  on  the  Wind.'*    Lindsey,  E.F.     Popular  Science,  August  1975,  p:  56-59. 
"Windpower  in  a  Drum.*'    Moran*  E+     Popular  Science  *  August  1975,  p.   104  + 
**Wind-powered  Shop.'*    Moran*  E.     Popular  Science,  July  1976,  p.  93. 
**Eggbeater  Windmill.'*    Scepler,  R.     Popular  Science,  May  1975,  p.  74-76  + 
^*The  American  Scientist.*'   ^Strong*  C+L.     Scientific  American.  October  1971, 

p.  108.  .  ;  ^ 

**A  Windcharger  for  the  Attic.**    Torginon,  J.     Mechanix  Illustrated,  March  1976, 
p.  31-33.  ' 

"Wind  Power.  *'    Popular  Science,  March  1975,  p.  82. 
Other: 

Energy  Conservation . Resources  for  Education.     Department  of  Industrial  Educa-  . 
-  tion,  Texas  A^M  University*  College  Station*  Texas. 

Instructional  Sheets,  IP-S-l' -  IP-3-16. 
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Instruct  ional  Sht^et  ir--3-l 

WIND  ENERGY 
Introduction 

Harnessing  the  Wind 

We  cannot  begin  to  replenish  the  stored  energy  of  the  earth  quickly  enough 
to  meet  future  energy  use  levels-    Ninety-six  percent  of  the  U-  S,  energy  is  now 
produced  by  fossil  fuels  and  the  fossil  fuels  are  being  used  up  rapidly. 

A  growing,  number  of.  scientists  seek  to  harness  the  constant,  dependable 
renewable  energy  of  the  sun  to  heat  and  cool  buildings  as  well  as  to  produce 
electricity.    One  concentrated  by-product  of  solar  energy  is  the  wind.    In  the 
1920's  and  1930's5  before  the  power  companies  ran  their  lines  into  many  rural 
areas,  wind  power  had  a  brief  popularity.     Some  5Oj000  small  wind  machines  each 
producing  three  (3)  to  ten  (lO)  killowatts  were  sold  to  people  living  in  the 
United  States.     Most  of  the  generators  were  taken  down  or  allowed  to^ rust  when 
rural  electrification  became  available.  '  - 

Today,  sales  are  booming  again.     People  are  buying  small  wind -generators  as 
fast  as  they  can  be  manufactured.     Energy  planners  in  government  and  industry 
are  taking  windmills  very  seriously,  ' 

During  the  past  AO  years ,  the  Russians ,  Danes,  Germans,  and  British  have 
built  large  windmills  in  search  of  low-cost  design  for  a  wind  energy  conver- 
sion system  (WECS)'     The  most  massive  experimental  windmill  wa-s  American-made,^ 
built  during  World  War  II  on  Grandpajs  Knobj  a  hill  outside  Rutland,  Vermont. 
The  machine  vas  110  fc^t  high,  and  the  two  blades  of  the  propeller,  joined  at 
the  hub,  together  were  175  feet  long.    This  was  not  the  only  large  system  ■ 
attempted:    All  of  these " experimental  efforts  dating  back  to  the  1930's  worked 
proving  their  technical  feasibility.     Currently,^  the  capital  cost  per  KW  for 
high  performance  WECS  is  too  high  to  compete  with  most  other  forms  of  energy. 
However,  the  continuous  increase  in  costs  for  fossil  fuels  added  to 


INSTRUCTIONAL  SHEET  IP-3-2  '    ■  ^  i  P-  %j  /-  ^ 

research  findings  foy  lower  WECS  costs  will  soon  make  wind  generators  econom- 
ically feasible-    Advantages  of  WECS  are  suimiarized  below; 

a.  Feasible  alternative  source 

b.  Non-depletable  supply 

c.  Independent  of  foreign  sources 

d-  Exportable  technology  and  products 

e.  Moderate  sophistication 

f-  Low  environmental  impact  (no  pollution)' 

The  Effect  of  Wind  Speed  and  Rotor  Size 

When  the'wind  velocity  increases,  the  power  derived  from, the  wind 

increases.    To  find  out  how  much  the  power  increases,  divide  ^he  second  wind 

speed  by  the  first  wind  speed  and  cube  the  results.    For  example,  on  Tuesday 

the  wind  speed  is  10  mph  and  on  Wednesday  it  is  20  mph.    What  is  the  differ* 

ence  in  the  amount  of  power  that  could  be  produced  on  Wednesday? 

20  mph^      '  ^       .^.3  .  _  " 

(10  mph  )       "       U)    -  8 

There^would  be  eight  times  as  much  power  available  on  Wednesday  as  there 
was  on  Tuesday.  '  ■  '      -  ^ 

"  Also,  when  the  blade  fcr  propeller)  diameter  increases,  the  power  in- 
creases.   To  find  the  power  increase,  divide  the  larger  blade  diameter  by 
the  smaller  blade  diainenter  and  square  that  fraction.    For  example,  a  200  ft, 
blade  will  produce  (2)    or  4  times  the- amount  of  power  as  a  100  ft.  blade. 

200  ft.^      _     ,^.2   _  . 
(100  ft J       -     (2)     -  4 

An  increase  in  the  number  of  blades  will  provide  more  turning  force  at 
low  speeds.    This  concept  is  used  for  water  pumping.    Fewer  blades  provide 
more  energy  for  their  cost.    In  small  wind  machines  with  blades  20  to  40 
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feet  in  diameter*  three*  bJ  ;ides  are  probably  best  in  terms  of  cost  and  bal^ 
ance*    In  larger  wind  turbines  two  blades  are  better- 


Types  of  Wind  Energy  Conversion  Systems 

Machines  with  rotors  ^ 
 = — '  

1,  Horizontal  axis  rotors  (head-on):    the  axiS  of  rotation  is  parallel 
to  the  windstream* 


2*  Cross-wind  horizontal  axis  rotors:    the  axis  of  rotation  is  both 

horizonta.1  to  the  surface  of  the  earth  and  perpendicular  to  the 

direction  of  the  windstream*  somewhat  like  a  waterwheel*  Not 
' very  effective* 


3*  Vertical-axis  rotors:    the  axis  of  rot^ation  is  perpendicular  to  both 
the  surface  of  the  earth  and  the  windstre'am* 


I^Oatr 


GirOfTHli 
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Translational  wind  machines 

1.  Sailing  ships 

2.  Sailing  ships  thatcarrxwater-driven  turbines  mechanically\con- 
nected  to  an  electric  generator.  . 

3*  land  vehicles  driven  by  sails  or  solid  airfoils  on  a  closed  track  or 
roadway  with  their  wheels  mechanically  linked  to  an  electric 
generator. 


I  IS 


Horizontal  axis  rotors 


1.  Can  be  either  lift  or  drag^devices- 


LIFT-TYPE 


L(RAG-TyPE 


2.  May  be  either  up-wind  or  dow^-wind  rotors. 


0 


Up-Wind 


OoiMivWtr>d 
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3.  Can  be  designed  with  different  numbers  of  blades,  ranging  from  one- 
bladed  devices  with  a  counterweight,  to  devices  with  Targe  number  of 


blades 


4,*May  be  either  yaw-fixed  or  ^yaw-active.  i 

a.  Yaw-fixed  cannot  be  rotated  into  the  wind— used  where  prevailing 
winds  are  from  one  direction.  '  ^  ' 

b.  Yaw-active  will  "track"  the  changing  direction  of  the  wind.  Srrtall 
systems  use, a  tall-vane,  whereas  larger  systems  are  normally  servo 
controlled.  I 
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5.  Propeller  speed  control  (overspeed  protection) 
a.  Changing  the  pitch  of  the  blades. 
Flap  rotating  with  the  blades. 

c.  Flaps  on  the  bUdes. 

d.  Devices    that  turn  the  propeller  sideways  to  the  wind. 


PATENTED  AIR-DRAKE  QOVCNOR 


wind  velocity  exceeds  23  mtlei  per 
hour,  governor  llap»  automaticAlly 
open  end  spread  ^  wind  away  from 
propefler  (See  IffuMralion).  Governor 
also  acta  aa  a  Ity  wheel  to  main'^ 
tatn  even  propelter  spe«<J  and  alim^ 
inale  vio'ation  in  guaty  wind. 


with  aotomatic,  verieble  ptich  propallef. 


Drive*  or  power  output 
* 

a.  Direct  coupling  to  rotor  shaft- 


'b.  Circular  rim  attached  to  blade  tips  to  drive  a  secondary  shaft 
connected  to  generator  or  power  output* 


I  f^-  3j  /-7 


Vertical -axis  rotors 


1*  Major  advantage  over  horizontal-axis  rotors  is  that  they  do  not  have 
to  be  turned  into  the  wind  as  the  direction  of  the  wind-stream  varies. 


2.  Those  that  use  plates*  cups  or  turbines  are  drag  devices. 


D 


3*  Savonius  and  Darrieus  type  rotors  are  lift  type  devices; 

DARRIEUS  ROTOR 


SAVONIUS  ROTOR 


CMARACTfRISnCS: 

•  Low  So«M| 

*  LOW  Efftctartcy 


CHARACTERISTICS: 

•  r4ot  S«f -Starting 

•  M«in  Efrtcivftcy 

•  Potentially  low  CaPlUt  Coit 


Activity  1 

Instructions: 

For  both  groups  of 
descripters  in  the 

place  a  check  mark 
in  the  appropriate 
box  below  eaeh 
wind  machine  that 
best  describes  it. 


S: 


SftVOOKJ* 


Airfoil 


22 
7: 


I 

t 

a; 


LIFT  TYPE 


DRAG  TYPE 


COMBINATION 


■ 

HORIZONTAL  AXIS 

4' 

VEkTICAL  AXIS  ^ 

TRANSLATlONAL  * 

1 

Co 


ERIC 


83 


84 


LIFT  TYPE 


Sicyclc  Mutti-eUded 


Mvltt-eiaded 


I 


I 


Upwind 


(O) — (Ol 


2 

CO 

c; 
o 


o 

> 


PI 


1 


DRAG  TYPE 


COHBIHATION 


ERIC 


UORlZONTAI.  AXIS 

(r 

VERTICAL  AXIS 

 E5-  

TRANSLATIOKAL 

 *  

I 


86 


DRAG  TYPE 


COMBINATION 

1  


HORIZONTAL  AXIS 

VERTICAL  AXIS 

TRANSLATIONAL 

■3 

87 


88 


split  Sdvoniut 


Q 


IT- 


LIFT  TY?E 


DRAG  TYPE 


COMBINATIOH 


HORIZONTAL  AXIS 

1^ 

VEKtlCAL  AXIS 

transiAtional 

83 
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Answers 
Activity  1 

U-S*  Farm  Windmm 

Savonius 

0-Darrieus 

Mul ti-Rotor 

Airfoil 

Bicycle  Multi-Bladed 
Multi-Bladed  Savonius 

-Darrieus 
Up-wind 
Megnus 

Three  Bladed 
Giromill  . 
Cross-Wind  Savonius 
Down-Wi  nd 

Split  Savonius 
Sail  wing 
Cupped 
Turbine  . 

Cross-wind.  Paddles 
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Activity  2 


Ideritify  the  wind  machines  shown  in  the  pictures  by  placinc  tho  correct 
letter  from  the  column  of  names  below  each  picture  in  the  space  provided. 


NATCS 

A*  U*S*  Farm  Windmill  ^ 
B*  0  Darrieus 
C.  Kegnus 
Turbine 

Counter  rotating 

blades 
F.  Giromill 

Cross-wind  savonius 

Darrieus 
I.  Airfoil 
J.  Multi-rotor 
K*  Savonius 
L.  Double*bladed 


1. 


LJ 


2. 


3. 


4. 


5. 


6. 


7. 


ERIC 


8. 


92 


9. 


76 


10. 


i 
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Activity  3 


wind 


Handle 

V  X    10"  dowe 


Plastic  Protractor 


Monofllaojent  Nylon 
(12''  from  index  liole 
of  protractor  to 
top  of  ball)  ^ 


Table  Tennis  Ball 


(Pierce  ball  wltb  tuo 
diametrically  opposed  holes » 
tbread  nylon  tbrough  the; 
boles  and  cement  at  bottom 
hole*) 


-WIND  VELOCITY  METER 
(Anemometer) 


/ 


ERLC  . 


11 
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10 


Ji. 


12 


16 


17 


18 


20 


21 


22 


21. 


25 


26 


27- 


28 


29 


30 


31 


Record  of  Wind  Speed  Mea.surenjent 
Activity  4 

Measurements  taken  and  recorded  by:_  

Address  where  measurements  taken: 


Wind  Speed 

Date       Tlae.of  Day     Protracter  Angle  (mph) 


Angle   Miles  Per  Hour 


90 

0 

85 

5.80 

80  . 

8.23 

75 

'itf.l 

T 

n.8 

13.4 

14.9 

16.4 

50 

18.0 

45 

19.6 

40 

21.4 

35 

23,4. 

30 

25.8 

25 

< 

28,7 

20 

32,5 

To  find  the  average  wind  speed  add  all  of  the  wind  speed  measurements  and 
■■dlvlde_this  total  by  the  total  number  of  observations  made-    Example:    If  the 


total  of  all  wind  speed  measurements  was  330,  and  this  was  the  result  of  30 
observations  duHng  the  month,  the  average  wind  speed. for  that  month  would  be 
330  =  11  mph^   What  is  the  average  wind  jSpeec  for  your  area?  " 
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Win<i  Energy  Problems 
(Activity  5) 

I.      Write^  down  the  two  equations  concerning  wind  velocity  increase  and  b\a^^ 
diameter  increase.     Use  them  to  answer  the  two  following^'questions. 


2.      What  are  the  different  amounts  of  power  produced  by  a  5  mpti  wind,  a  10 
mph  wind  and  a  15  mph  wind,  using  the  same  si:i^  rotor?    Assume  chat  a 
^■5  mph  wind  produces  10  watts. 


3-      If  the  wind  was  blowing  at  a  constant  sp^ed,  what  differences  would 

there  be  in  the  energy  production  if  you  switched  from  a  5  inch  rotor  to 
a  10  inch  rotor?  ° 


FEEDBACK 

Objective  A  -  E  Check:  -  ' 

Please  submit  your  activity  sheets  to  your  instructor  for  approval 


Signature:  ,  ^  

Instructor 


POST-CHECK 

ASSESSMENT  OF  ALTERNATIVE  ENERGY  SOURCES 


The  most  massive  experimental  windmill  was  built  during 
A.     19^0 *s  C.     1960 's 

The  primary  reason  for  wind  energy  conversion  systems*  lack  of  competition 
is 

A.  _cost  per  KW  is  too  high  C.     environmientalist  Qpposition 

B.  not  reliable  D.     lack  of  high  strength  blade  metals 

I.  .  ' 

If  the  diameter  of  a  rotor  blade  is  doubled,  how  much  does  the  power  in- 
crease? ^  ^ 

A-     2  times_as  much  ^  8  times  as  much- 

B,    4  times  as  mu^clT^'  Dv    doesn't  increase  at  all 

A  general  rule  might  be  that  the  larger^  the  turbine 

A.  more  blades  are  needed  C.     bigger  blades  are  needed. 

B,  fewer*blades  are  needed  small  blades  are  needed  ^ 

.  I  ^    ■  . 

If  the  wind  speed  doubles,  how  much  will  power  from  a  wind  turbine  genera-^ 
tor  increase:  ^  '  ' 

A.  2  times  as  much  C.    8  times  as  much 

B,  4  times  as  much  '  D-    will  not  increase 

4  '  'i 

There  are  three  types  of  machines  with  rotors;  tihe  horizontal-axis  rotor, 
vertical^axis  rotor,  and  the  ,  , 


A.  translational  axis^  rotor  C.     cross-wind! horizontal  axis  rptor 

B.  yaw  active  axis  rotor  I)-    "circular-wind  axis  rotor 

'>       '  r  * 

The  least  effective  of  the  three  basic  types  of  wi|nd  machines  with  rotors 

the  .  .  * 

Av     horizontal  axis  rotor  C,     cross-^wind  horizontal  axis  rotor 

B-     vertical  axis  rotor  \  translational  axis  rotor 

Savonius  and  Darrieus  type  rotors  are  .  .. 

A,  drag  devices  horizontal  axis  dfevices 

B.  translational  devices  '  0.     lift  devices 


36- 
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■The  major  advantage  of  vercical-axis  rotors  over  horizontal  sxis  rotors  is 

A<     they  do  hot  have  to  be  turned  into  the  wind 

they  have  to  be  turned  into  the  wind 
C     their  wheels' have  to  be  mechanically  linked  fco  an  electric  generator 
D<     they  must  be  servo  controlled'  * 


Yaw-fixed  wind  devices   

A-     cannot  be  servo  controlled  C<     cannot  use  a  tail^ane 

b/  cannot  be  rotated  into  the  wind     ^    D,     cannot  have  niore  than  3  blades 


MODULE  FIVE 


ECONOMIC  ASPECTS  (COST  BENEFIT)  OF  ENERGY  SOURCES 


Prepared 
by  ' 


Elazer  Bamette 
Wake  County  Public  School  System 
Raleigh,  North  Carolina.^ 


USDOE  Sponsored  Faculty  Development  Workshop' on  Energy 
Conservation  for  lAE  at  North  Carolina 'State  Univ&£^ty 
June  ^1981  -  R-E-  Wenig,  Director 
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-  -    ECONOMIC  J^PECTS  (COST  BENEFIT)  OF  ENERGY  SOURCES 

Our  econoniic  system  is  highly  dependent  upon  an  adequate  supply  of  energy 
If  the  energy  supply  is  interrupted,  the  following  economic  problems  will  de- 
velopT-energy' shortages,  inflation,  unemployment,  trade  deficits,  and^  the  de- 
cline in  ths  value  of  the  dollar  in  world  markets. 

 ^In  this  module,  you  will. explore  the  effects  on  the  economy  in  choosing 

energy,  sources. 

TERMINAL  PERFOItMAHCE  OBJECTIVE 

Analyz?  the  economic  aspects  of  an  energy  source  as  it. relates  to  the 
consumer  and  producer. . 

in'structional  packages  ^ 

IP-1.  Recognize  Energy  Sources 

IP-2.  Describe  the  Procedure  in  Computing-Capital^ 

Outlay  for  an  Energy  Source 

IP-3.  Determine  Production  Cost  of  an  Energy  Source 

IP-4.  Explain  How  Capital  Outlay  and  Production 

Cost  Affect  Consumer  Prices 

r  4 

IP-5.  Determine  Recovery  Cost  of  an  Energy  Source 

,  RESOURCES 

All  resource  information  for  all  instructional  packages  is  -included  on  the 
resources "sheet. 

See  Resource  Sheet.     .  \ 


KNOW  NEED 


o 


■  .  PRE-CHECK 

ECONOMIC  ASPECTS  (COST  BENEFIT)  OF  ENERGY  SOURCES 


Directions*^    Provide  the  correct  resjionse  to  the  individual  test  items  as  re^ 
quired  in  each  statement,  ' 

IP^l -      .   Recognise  Energy  Sources 

I'.  .'    Name  thr^e  fossil  fuels.  ^ 

A.         .         .  -v^     B.  C.  . 

 2.        Name  three  alternative  fuels,        ^  ^\  ■  - 

■  A,    ^       ^  B,     ^     ^       .  C.  .  . 

.  -  3 ,        Name  the  primary^^source  of  energy  that  meets  the  least  percentage 


of  U,S,  energy  demand. 


IP -2,  Describe  the  Procedure -ra  Computing  Capital  Outlay  for  an  Energy 

Source:" 

1,        Nsme  three,  considerations  necessary  in  computing  the  capital  needed 
to  invest  in  an.  energy  source,. 

A.  B,  '  C,  ^ 


2^        Write  your  formula'^or  determining  the  amount  of  capital  needed  for 
any  source  of  energy. 


3,      .'How  doe^  trhe- energy  crisis  affect  capital  investments  in  energy 
sources?  ^ 
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PRE-CHECK  (Continued)*' 
ECONOMIC  ASPECTS  (COST  BENEFIT)  OF  ENERGY , SOURCES' 

Determine  Production  Cost  of  an. Energy  Source 

The  primary  econpmic  problems  resulting  frOm  ever-increasing  oil 
imports  and  ever* increasing  prices  are: 


A,  Trade  Deficit 

B,  Unemployment 


C-  Recession 
D-    'Short  Supply 


According  zo  estimates,  at  current  levels  of  use,  the  U-S,  has 
enough  coal  to  last  approximately:  ^ 


A,     50  years 


B,     500  years 


C,     350  years 


 ^3.        What  trend  is  predicted  for  the  U,S,  in  its  use  of  the  world  energy 

source?    (Circle. correct  answer) 

A,     Smaller  percentage        =  /    .  ^ 

B-    Larger  percentage  ^ 
C-  .  Not  enough  information 

■  i   "  ■/ 

IP-4-  Explain  How  Capital  Outlay  and  Production  Cost  Affect  Consumer  Prices 

 1-        Which  energy  source  has  the  highest  capital  outlay  and  production 

^  cast? 


A,  Offshore  drilling 
B-  Nuclear 


C.  ,  Wind  ' 
Solar 


2-        The  amount  of  oil  used  in  the  U.S,  as  compared  to  the  amoiint  produced 
is: 


,A,     Only  as  much  as' 
B/   Slightly  more  than 


C,     Only  half  as  much  ^ 
Ih     Almost  twice  as  much 


Ways  to  dampen  the  demand  for  oil  could  include  all  but; 

A,    Rationing  ^ 

Letting  prices  go  up  as  .supplies  dwindle 

C,  Government,  price  controls 

D,  Tax  and  price  penalties  for  heavy  users 
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PRE-CHECK  (Continued) 

ECONOMIC  ASPECTS  (COST  BENEFIT)  OF  ENERGY  SOURCES 

-Determine  Recovery  Cost  of  an  Ener^gy  Source.  ^ 
What  is  recovery  time  as  related  to  any  energy  source? 


Miich  energy  source  listed  below  has  the  longest  recovery  time 


9  ' 


A.  Electricity  C*  Natural  Gas 

B,  Oil  ■     ^  Solar 

What  is  the  length  of  titae  that  rec5>very  of  an  energy  source  should 
occur? 


PRE-CHECK  KEY 


IP-1. 


Recognize  Energy  Sources 


IP-2. 


IP-3. 


1.  Coal,  Oil,  Natural  Gas 

2.  Solar,  Wind,  Geothermal 

3.  Solar  *  .  '      ■ " 

Describe  the  Procedur'e  in  Computing  Capital  Outlay  for^an^nergy 
Source  ^  ^ 


1.     Net"  Profit,  Labor,  Raw  Materials  ^  ^ 

2-  '     •  .  .... 

3.     Increase  in  cost  limit,  greater  return  over  longer  period  of  time 

Determine!  Production  Cost  of  an  Energy  Source  » 


1.  > 

2.  A 

.3-  A 


IP-4:  Explain  How  Capital  Outlay ,.and  Production^  Cost  Afffect  Consiimer-Pricefs 

*-  ■*  *  * 

1. .   B  '      '       '  . 

2  .     C  ■  *  .  ■  ' 

■    3.     C  ■■  ■  ■  .         *  ■       "  ■ 

t      *  -  -  *  ■ 

IP-5-  Determine  Recovery  Cost  of  an  Energy  Source  '  - 

Iv   'Time  required  to  cover  cost  of  original  investment 

2.     A  ^  '  .       ■  ^  ' 

3-7  years  " 


ERIC 
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GENERAL  RESOURCES  ^  ' 

'.  ^         .  "  -         "  ■       ■  .    '    ''     '  J 

Listed  below  are  resource  mat^erials  chat  can  be  used  for  all  inscruc- 
tional^packages  (IP),    Other  related  material  may  be  helpful  in,  the  coijiplet.ion 
of  this  module.  -  .  . 

Books:  \  ^  ^ 

Sears  Educator  Resource  Series;  Energy/Ecology/Economics,     Consumer  Information 
Services,  Sears,  Roebuck,  and  Co,,  P/703,  Sears  ^Tower,  Chicago,  IL  606S4 

Interdisciplinary  Student/Teacher  Materials  in  Energ.y,  the  Environment,  and 
the  Economy.    U.S,  Department  of  Energy,  Office  of- Consumer  Affairs, 
Washington,  DC  20595 

Comparing  Energy  Costs.    Dr.  G.  George  Reeves,  Energy  Control  System,  Raleigh, 
North  Carolina    27606  (Handout  included) 

Alternative  Energy.     Dr.  b  .'ft .  Smetana,  Depar£ment  of  Mechanical  and  Aerospace 
Engineering,  North  CarSlina  State  University ,  Raleigh,  North  Carolina  ^ 
27607  .  *  ^ 

Films; 

Alternative  Energy  Sources,  Kai  Bib  Films 


ECONOMIC  ASPECTS  (COST  BENEFITS)  OF  ENERGY  SOURCES 

IP-l-  .  -     Recognize  Energy  Sourcesj  ' 
OBJECTIVES 

Upon  completion  of  this  instructional  package >  you  will  be  able  to 

A.      Recognize  energy  sources  (fossil  and  alternative  fuels)  ^ 

B*      Group  energy  sources  as  conventional  or  alternative  sources 
*i 

RESOURCES 

See  General  Resources 


ACTIVITY 


A*    ^  Review  film  scrip  (see^  General  Resoui?ces  for  title)  related  to  energy 


sources. 


\ 


c. 


After  reviewing  the  film  scrip  or  reading  related  inforra^ion  concerning 
energy  sources,  find  a  partner  and  choose\^an  energy  source  and  discuss 
its  advantages  and  disadvantages.  \ 

After ■ the^oral  presentations  in  activity  B,  group  the  energy  sources  in 
. the  correct  table  below:  ■ 


A 


CONVENTIONAL 


\  ALTERNATIVE 


\ 


1.  .  1. 

2.  2. 

3 .  3 . 

4.  ■  ■ 

5 .  ■      .  ■  .     ,  -       5 . 
FEEDBACK 

Objective  A  Check  . 

You  should  have  chosen  one  of  the  energy  sources  below: 


1,  Oil  , 

2,  Coal 

3,  Electricity 
4<  Natural  Gas ; 

Objective  B.  Check: 


5. 
7, 


Wood 

Nuclear 

Solar 


1, 
2, 


Conventional 

Oil 
Coal 

Electricity 
.Natural  Gas 


8,    Wind   *etc, ) 


Alte-^native 

1 <  Nucloar 

2,  :SoU- 

3,  Wind  ■        '  ^ 

4,  Oil  ihale  ,  ^ 


Instructor ' s  Approval 
"^Have  Instructor  Sign   ,        GO  tO'  NEXT  PAGE 


■3-.. 
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ECONOMIC  ASPECTS  (COST  BENEFITS)  OF  ENERGY  SOURCES 


lP-2.         Describe  the  Procedure  in  Comj>uting  Capital  Outlay  ior  an  Ener-gy 
Source  ■       .  ■'  ^ 


OBJECTIVE 

f 

Upon  completion  of  this  "instructional  package^  you  will  be  able  to; 

-  ■  '  :  '    r  - 

A/  Describe- a  procedure  for . computing. capital  outlay  for  an  energy  source 
B<      Find  the  capita^!"  needed  to^invest  in  a^^al  power  plant- 


RESOURCES  \ 
'See  General  Resource's 


a  j^^l  F 


^     ■    '  ■  > 


ACTIVITY    ^  .  '  ■        \      ■  -  ^  ' 

A-      Review  handout  on  comparing  energy  sources. 

B-      Using  the  available  resource  material , ^develop  a  chart  displaying  some 
of  the  components  of  capital  investments  for  an  energy  source- 

.       '     ^  '      /  .  ' 

C-      In  this .  activity  a  calculator  would  be  helpful  but  not  necessary; 

a.      Determine  the  amount  of  . capital  needed  to  build  a^powet; 
^    plant  (size  250,000  KW  at '$1500/KW) .    Coal  is  the  fuel'  ^  . 

source ,  "  ■  *  ^ 


FEEDBACK 

Objective  .A  Check:  ,  o 

You  should  have  listed  components  similar  to  the  following: 

1.  Raw  Material' 

2.  " Labor  ^  " 

3*    Net  Profit  ^   ,      '        '  « 

4r   Fuel  *  : 

Objective  B  check:         _      .  . 

You  shpuXd  have  arrived  at  the  following; 

($375,000,000.00)  '       .  - 

C250,0§0/Kw  X  $1,500*00/Kij) 


Instructor's  Approval 


Have  Instructor  sign 


GO  TO  NEXT  PAGE 
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ECONOMIC  ASPECTS  (COST  "'BENEFITS)  OF  SN^Y  SOURCE'S 

i 

IP-3-  Determine  Production  Cost  of  an  Energy  Source 

OBJECTIVE 

Upon  completion  of  this  instructional  package,  you  will'be  able  to: 


A.      Recognize  economic  problems  that  can  affect  production  cost. 


RESOURCES' 


See  General  Resources 
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ACTIVITY  ^  ■    .  - 

A*     ^Read  resource  material  concerning  economic  problems  affecting  production* 

B,      After  reading  material »  develop  a  chart  with  the  production  problems  in-* 
■  eluded*  / 


FEEDBACK  *  . 

Objective  A  Check: 

Production  problems  should  have  been  similar  to  the  problems  listed  below: 

1.      Consumer  demand  (supply  and  demand) 
2*      Labor  strikes 

3,  Inflation  ,  . 

4 ,  ■  Unemp  1  oymen  t  ^  ^ 
5*  Etc, 

Objective  B  Check:  , 
Included  in  chart. 


Instructor's  Approval 


Have  Instructor  sign    GO  TO  NEXT  PAGE 
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""^         :  ECONOMIC  ASPECTS  (COST  BENEFITS)  OF  ENERGY  SOURCES, 

IP^4.         How  Does  Capital  Outlay  and  Production  Cost  Affect  Consumer  ?rices 


OBJECTIVE 


 Upon  completion  o£  this  instruct^onal-pa'Clca'Se ,  you  wtH-be-aM-e-t^>- 

A-      Explain  how.  capital  outlay  and  production  cost  affect  consumer  cost 
of  an  energy  source- 


B-      Identify  energy  source 
cost." 


s  that  have  high  capital  investment  and  production 


RESOURCES 


See  General  Resources 
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ACTIVITY 


1 


A<      With  cHe  aid  of  the  resource  material  or  related  material;  your  group 

will  debate  the  pros  of  the . following  topics. as  related  to  capital  expense 
,    and  production  cost: 

1-    Off shore . drilling  versus  environmental  protection  '  ^ 

2< .   Fuel  rationing  versus  increasing  prices  to  cut  demand 
3<     Benefits  of  nuclear  reactors  versus  risks, 

B<      Develop  a  chart  to  indicate  predicted  cost  adequacy,,  t^cfinoiogicai"  readi-" 
riess,  environment  hazards,  future  potential  for  the  following  sources  of 
energy:  ; 

1-     Oil  shale  ■  -  * 

2,  Solar 

3,  Nuclear    c  .  . 

4,  Wir.d  ' 


■FEEDBACK  . 
Objective  A  Check:^ 

Positive  participation  in  the  debate. 
Objective  B  Check: . 

Chart  could  be  similar  to  the  one  below: 


SOURCE 

COST 

AJ)E(JUACY 
OF  AVAIIJ^LE  SOURCES 

HAZARDS 

Coal 

$40/Ton 

Largest  non-renewable 

■1,  Mining 

energy  source  -  U-S- 

2,  Sulfur 

3<  Erosion 

Instructor's  Approval 
Have  Instructor  sign    GO  TO  NEXT  PAGE 
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ECONOMIC  ASPECTS  (COST  BENEFITS)  OF  ENERGY  SOURCES 
IP-5-         Determine  Recovery  of  an  Energy  Source 
OBJECTIVE  ■       ■■  . 

.  Upon  comple.tion  of  this  instructional  package »  you  will  be  aMe 
A*      Determine  the  recovery  time  of  an  energy  source* 

RESODRCES 

See  General  Resources  .  ^ 
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ACTIVITY 


-  Review  any  up-to-date  literature  related  to^  ei^ergy  recover  times-*as  these 
figures  change  frequently v 

A-      Use  thfe  chart,  below  as  a  guide  in  the  solution  of  this  activity  -  find 
the^recovery  time  for  a  solar  installation  providing  100%  of  the  heat 
energy-    If  recovery,  time  is  l,onger^  than  7'  years,  the  energy  source  is 
*not  economical*  .  ' 

*  ^      ^  WOOD  -  ENERGY  SOURCE 


.  .  '  AUXILIARY 

SAVING  FROM 

YEARS  NEEDED 

COST/ FUEL 

^UIP,  COST 

INSTAJ.LATION 

.     *  FOR  RECOVERY 

Can  be  0  if  you 

,  Wood  stoye  or  fire 

30%  oJ  yearly 

Divide  savings 

have  free,  wood 

place 

fuel  cost  us- 

into investment 

ing  oil  ,  elec/ 

500-1,500  avg. 

or  gaii 

1,210.00 

*  or 

213.00 

use  3-cord,  $70 

Amount  used  ^ 

each      -             .  . 

$59/mcnth 

5-^6  years  to 

Savings 

recovery  \ 

$210  ^■ 

$1000  (1210) 

$213/year  ^ 

B.      Draw  a  similar  chart  for  solar  using  th$  following  information: 
^1.     Cost/fuel  -  $10/Sq*Ft,  600  Sq*Ft.  collector  space 

2,    Auxiliary  equipment  -  Cost  $3,000.00 
^3^   Yearly  electric  bill  $900.00 
FEEDBACK         ,  ,  ^ 
Objective  A  Check:        _  .  ■ 

Answer  for  solar  source  *  '  ' 

Cost/Fuel  =  $6,000 
Aux.  &  Equip.  3,000 
^  $9,000 

Savings  ^  720,00 

Recovery  Time         9^000    »    12.5  years 

720.00  /  , 

(Solar  not  economical) 


^.  !,nstrtiztor*s  Approval 

Have  instructor  check  your  work  and  sign.    Ask  for  Post-Check.  ^ 


PQST-CHECK 

ECONOMIC  ASPECTS  (COST  BENEFITS)  OF  ENERGY  SOURCES 


DIRECTIONS:        Circle  the  response  that 'best  cpmpXetes  each  statement, 

X,      All  of  the  following  energy  sources  are  alternative  energy  sources 
except:  '    ^  . 

A-    Oil  C.    Oil  Shale 

B,     Solar  D,  Geothermal" 

2,      The  group  using  the  largest  share  of-U,S,  energy  is: 

A-     Industry  C,  Transportation 

B,    Residential  .        ,   D,  eoimijerc^al 

3-      Disdavantages  of  solar  enejrgy  include  all  but:^ 

'  A-  Difficulty  of  storage  and  transportation 

B,  Technology  not  fully  developed 

C,  Pollution  of  air  and  water  * 

D,  High  expense  of  installation  for  both  new  and  existing  structures 

4.  *    The  primary  economic  problem  resulting  from  ever- increasing  oil  imports 

and  ever-increasing  prices  is:  ^ 

A-    Trade  deficit  C,  Recession 

B,    Unemployment  Short  supply 

.  :      ^  ^  *  \ 

5,  In  American  homes,  the  greatest  amount  of  energy  is  used  for: 

A,  Lighting  '  C^,    Electric  appliances  . 
■  B^    Heating  and  cooling            D,    Gas  appliances 

6- .    Fuel  conservation  by  consumers  for  their  homes  and  cars  causes  fewer 
*    ^  economic  problems  than  conservatijbn  by  business  -and  industry  because:  . 

A-     Consumers  make  up  the  least  important  sector  of  the  economy.^  B, 

B,  Consumers  waste  more  energy  than  other  fuel  users, 

C,  "    Larger  energy  cutback  by  business  and  industry  would  result  in  fewer 

jobs  and  lower  pro<?uctivity, 

D,  Consxjmers  use  more  energy  than  business  and  industry.  ^ 

7,      Which  energy  source,  has  the  longest  recovery  time? 


A.    Coal  ^  C;  Oil 

B-     Solar  D,^  Nuclear 
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10. 


'  POST-CHECK  (Continued)     ^  . 

ECONOMIC  ASPECTS  (COST  BENEFITS)  OF  ENERGY  SOURCES 
Fossil  fuels  include  all  except: 


A,  Coal 

Natural  Gas 


C,  Oil 
D  <  Wood 


The  disadvantage  of  turning  to  nuclear  energy  as  an  alternative  to  fuel 
oil  include  all  but:  ^  ^ 

A*    high  cost  of- developing  and.  building  breeder  reactcrxfs 
B-    high  levels  of  radioactive  waste  ^  "  ^ 

C<     ine*ff iciency  of  nuclear  fuel         '     ^      ^  ^ 
D-     the  plutoniiim  ,by-product*«which^  is  used  for  atomic  bombs  must  be 
isolated  and  protected  from  theft < 
^     '  ^    ^         ^  '  '  ...  ^■ 

Which  energy"source  listed  below  has  a' better  recovery  time?  ' 


A*  Wood 
Solar 


'Q.    Wind    .  ^ 
Oil  Shale 


N 
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1. 

A 

2. 

B 

A 

4'. 

A  „ 

5. 

B 

6. 

D 

7. 

D- 

8.  ■ 

D  ■ 

9. 

C 

10. 

A 

J'OST-CHECK  KEY 
■ECoSbMIC  ASPEf.TS  (COST  BENEFITS)  OF  ENERGY  SOURi.'ES 


^ 


ERIC 
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MODULE  SIX 

CONSERVING  ENERGY  THROUGH' CHAKGES  IN  HABITS, 
ATTITUDES,  AN^  GAINING  SELFrSUFFICIENCY. 


/> 


Prepared 
by 


eiincon  H.  Isbell 
Department  of  Industrial  Education^ 
Clemson  University 
Clemson,  South  Carolina 


USDOE  Sponsored  T^acult^  Development  Workshop  on  Energy 
Conservation  for  lAE  at  North  Carolina  State  University 
-June  1981  -  R.E.  Wenig,  Director 
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CONSERVING  ENERGY  THROUGH  CHANGES  IN  HABITS,  ATTITUDES,  AND  GAINIt^G 

SELF-SUFFICIENCY 


TERMINAL  PERFORMANCE  OBJECTIVE  . 

After  completion  of  this  module,  the  .student  will,  through  a  written  eval 
ation  ^post-check)  .at  an  80%  competency  level,  demonstatka  change  in  attitude 
awareness  toward  ^gaining  self-^suf f iciency.  j 

INSTRUCTIONAL  PACKAGES         ^  .  "  KNOW   ^  NEED 

IP-1.         Developing  a  Personal  Awareness  of  Conflicts 

Between  Energy  Conservation  Values     


IP-2..      *  Developing  Positive  Attitudes  Toward  Energy 
Conservation  Through  Changes  in  Home  Energy 

Use  /  ; 

IP-3-         Developing'a  Positive  Attitude  Toward  Energy 
Conservation  Through  Changes  in  Transporta- 
tion Habits 


.119 
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PKE-CHECK 

CONSERVING  ENERGY  THROUGH  CHANGES  IN  HABITS,  ATTITUDES,.  AND  GAINING 

SELF-SUFFICIENCY 


.Directions:       Mark  \*V*  if  the  scaccmenc  is  true.     If  che^scacemenc  is  fal&e, 
mark  ''F."  .  . 

IP^I  -         Developing  a  Personal  Awareness  o£  Conflicts  Be'tween  Energy  Conserva- 
tion Values 

 1-       The  world*s  supply;Of  oil  is  an  inexhaustable  resource  for  producing 

gasoline  in  the  U,S.  '  - 

^  2.        Because  of  the  recent  construction  of  iiuclear  power  plants,  we  fiaVe 

all  Che  electricity  we  will  ever  need,        *  .  . 

 _3,        The  energy  cost  for  an  automobile  is  over  40%  of  the  total  energy 

requirements  in  the  home  of  an  average  -  American  family: 

4.        Central  heating  requires  very  little  energy  as  compared  to  other 
energy  users  in  the  average  American  home* 

 5-        From  1960  until  1972,  the  number  of  American  cars  with  air  condi'- 

tioning  rose  from  7%  to  69%.  ' 

 6,        Upper  income  families  use  over  five  (5)  times  as  much  gasoline  as 

lower  income  families. 


7? 

IP-2. 


_2. 
_3. 

_4. 
J. 

6, 
_7. 

8. 


Developing  Posicive  Accicudes  Toward  Energy  CoQservacion  Through 
Changes  in  Home  Energy  Use 

A  heac  pump  uses  thermal  energy  from  outside  air  for  both  heating  ' 
and  jCOoXing.  •  . 

To  conserve,   energy  in  the  winter,  thermos-tats  should  be  set  at  '60''  F. 

During  the  winter  months,  close  window  drapes  at  night  and  open  during 
the  day.    ,  ' 

The  most  efficient  lighting  is  fXourescent.  .  , 

Incandescent  lights  should  be  turned  off  each  time  you  leave  the  room. 

,  When  using  air  conditioning,  set  your  thermostat  at  72"  F, 
The*  average  dishwasher  uses  14  gallons  of  hot  water  per  load^ 

^Wash  clothes  in  cold  water  and  rinse  in  warm,    ,  ■ 
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PRE-CRECK  (Continued) 

CONSERirtNG  ENERGY  TKROUGR  CHANGES  IN  HABITS,  ATTITUDES,  JUJD  GAINI«G 

SELF-SUFFICIENCY  ^ 


Developing  a  Positive  Attitude  Toward' Energy  Conservation  Through 
Changes  in  Transportation  Habits  . 

 1-        Driving  at  55  raph  uses  less  gasoline  than  driving  at  70  mph/ 

 2.        When  coming  to  a  stop  sign,  a  qt^ick  stop  helps  save  gasoline. 

^  3-     ;  Cars  account  for  nearly  40%  of  the  oil  used  in  this  country- 

 ^4-        It  takes  less  gasoline  to  restart  the  car  than  it  takes  to  let  it 

idle  for  one  minute* 

^  ^5-      ■  Radial  tires  can  improve  gasoline  mileage  on  the  highway  by  about  15%- 

 6-        A  poorly  tuned  car  could  use  as  much  as  25%  more  gasoline  than  a 

well-tuned  one<  \      *  . 

^  7-        The  average  occupancy  per  conmtuter  car  is  1-T  people- 

■_  8,        For  every  100  pounds  of  extra  weight,  fuel  economy  is  reduced  by 

about  5%  for  the  average  car.  >  \ 
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.  3  .  -St 


PRE-CHECK  KEY 


Developing  a  Personal  Awareness  of  Conflicts  Between, Energy  Conserva 
tion  Values 


1- 
2. 
3, 
4; 
5. 
6. 


F 

F"' 

T 

F 

T 

T 


Developing  Positive  Attitudes  Toward  Energy  Conservation  Through 
Changes  in  Hoine  Energy  Use  , 


1. 
2. 
3. 
4. 
5: 
6. 
7. 
"8. 


T 
F 
T 
T 
T 
F 
T 
F 


Developing  a  Positive  AttitudeToward  Energy  Conservation  Through 
Changes  in  Transportation  Habits 


1. 
2. 
3. 
4. 
5. 
6. 
7- 
8. 


T 
F 
T 
T 
F 
T 
T 
F 
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CONSERVING  ENERGY  THROUGH  CHANGES  IN  HABITS,  ATTITUDES,  AND  GAINING 

SELF-SUFFICIENCY 


IP-l,        *  Developing  a  Personal  Awareness  of  Conflicts  Between  Energy  Conserva- 
tion Values  ^ 


OBJECTIVES  ^  ' 

IJpon  comple'tion  of  this  instructional  package,  you  will  be  able  to: 
J      /  =i    ^    -  '  '■       ■  _ 

A,      Examine  their  values  and  beliefs  about  energy  consumption  and  conserva- 
tion' through,  completion  of  an  energy  questionnaire. 

RESOURCES  -  , 

Books:^.  ^ 

Ideas'^nd  Activities  *f6r  Teaching  Energy  Conservation:    Grades  7-l2>  Tennessee. 
Energy  Office,  Tennessee  State  Department  of  Education,  1977- 

Energy  Conservation  Resources  for  Education,    Texas  A&M  University,  Department 
x>f  Industrial  Education,  College  Station,  Texas, 

Magazines:  ; 

"Changing  Our  Energy  Behavior,"  ^Hogan,  M,J,    Journal  of  Home  Economics,  May 

197S,  ^  ^ 
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ACTIVITY 


Complete  the  following  energy  questionnaire  (Instructional  Sheet  IP-i-l-2)  ^nd 
list  as  roiiny  reasons  as  possible  to  substantiate  your  opinions  or  belie'fs  for 
each  statement.  ,  Reseiirch  on  energy  for  this  activity  may  be  obtained  :from  the 
listed  resources  or  other  appropriate  references- 

FEEDBACK      "  ^ 

_  — — —  ) 

Objective  Check: 

Students  should  know  how  an  opinion  can  affect  their  behavior  or  lifestyles 
Where  they  are  uncertain  about  their  opinion,  they  should  conduct  sufficient  re- 
search to  uphold  an  opinion  when  asked  to  defend  their  positions  in  class. 

Instructional  Sheet  IP-l-l'^2  from    Ideas  and  Activities  for  Teaching  Energy 

Conservation:    Grades  7~12*  Tennessee 
Energy  Office  of  State  Department  of  Educ-. 
ation»  1977>  pp.  149-150;^ 


Instruction  Sheet  IP- 1—1 


ENERGY  OPINIONAIRE 


Name    Date   

Class  Teacher 


Directions;    Please  cross  out  the  word  or  phrase  within  the  parentheses  which 
least  indicates  your  opinion.    Be  prepared  to  defend  your  opinion  or  belief* 

.1  believe  that;. 

1.      The  energy  resources  in  the  United^  States  Care,  are  not)  controlled  by 
monopolies*  * 

2*      There  (is*  is  not)  a  shortage  of  oil  in  our  country* 

3*      We  (should,  should  not)  generate  more  energy  by  nuclear  and  fossil  fuels* 

-A*      Solar  energy  technology  for  generating  electricity  (is,  is  not)  wall 
established  at  this  time*  , 

5*,     Government  funds  (should,  should  not)  be  used  to  develop  the  railroads  and 
barge  traffic*  ,      .  ? 

6*      If  fuel  prices  were  to  decline,  consumption  (would,  would  not)  greatly  in- 
crease. * 

7*      American  lifestyles  (are,  are  not)  wasteful  of  energy* 

8*      Manufacturers  (Should,  should  not)  be  forced  to  reveal  the  energy  costs  of 
theiir  products- 

9^      Nonretumable  and  disposable  containers  (should,  should  not)  be  discon- 
tinued. 

10.  -^Rising  energy  costs  (have,  do  not  have)  a  direct,  personal  impact  on  every- 

one* 

11.  Everyone  (shouid,  shoul<I  not)  observe  reduced  speed  limits  to  conserve 

'   energy*  ,      ■  *  . 

12.  The  use  of  energy  (is,  is  not)  a  moral  problem  involving  stewardship  of 
resources*  .  ^  . 

13*      The  government  (should,  should  not)  restrict  the  size  of  cars* 

14*      The  cost  of  pollution  control  (should,  should  not}  be  included  in  the 
individual  customer's  bill* 
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Instructional  Sheet  IP-I-2 

15-  ,    An  individual  (can,  cannot)  have  an  impact  on  energy  consumption. 

16.  Individuals  (will,  will  not)  conserve  energy  if  they  realize  there  is  a 
problem.  ' 

17.  We  (should,  should  not)  develop  energy  resources  regardless  of  environ-  »^ 
mental  costs.  *  ,  ■  . 

18.  -  All  demands  for  energy^  (will,  will  not)  be  met  in  the  year  2000.^ 

15_>      People  (are,  are  not)  born  greedy  and  selfish  in  respect  Xo  use  of  natural 
resources. 

20.  Strict  federal  laws  (will,  will  not)  be  the  major  factor  in  energy ^consump- 
tion. 

21.  Nuclear  power  (is,  is  not)  too  dangerous  to  be  used  in  producinjg  electri- 
city. *  ^ 

22.  Our  government  (is,  is  not)  being  effective  in  solving  our . energy  problems. 

23.  Everyone  (should,  should  not)  be  required  to- pay  for  energy  regardless  of 
economic  level.  -  ^ 

"^4.      The  production  of  an  adequate  supply  of  energy  (is,  is^not)  a  major  pro- 
blem in  our  country  today.  ^      ,  " 

25.      The  energy  problem  (is,  is  not.)  political  rather  than  technological. 

26:      The  average  citizen  (is-,'is  not)  getting  honest  Information  on  energy  pro- 
\  *        blems  anS  their  solutions.  \  ■ 

27.  ^Energy  production  (should,  should  not)  be  controlled  by  government  rather 

than  private  industry. 

28.  .Alternative  energy  sources  su^cb  as  wind,  geothermal,  solar,  and  tidal 

power  (are;^  are  not)  receiving  adequate  funds  for  their  development. 

29.  Foreign  countries  (do,  do  not)  have  the  right  to  charge  any  price  they 
please  for  their  natural  resources. 

30.  ,   My  family  (is,  is  not)  doing  an  adequate  job  of  conserving  energy. 


^  no 


CONSERVING  ENERGY  THROUGH  CHANGES  4n  HABITS,  ATTITUDES,  AND  GAINING 
\  '  SELF-SUFFICIENCY 


IP-2.         Developing  Positive  Attitudes  Toward  Energy  Conservation  Through 

Changes  in  Home  Energy  Use  ^  . 

OBJECTIVES  *  . 

Upon  completion ^of  this  instructional  package,  you  will  be  able  toT  ^ 

A,  Compile  a  list  of  all  energy  consuming  device  in  his  home  and  compare 
tho  average  energy  consut&ption  of  each  device. 

B.  Recoro.  and  compute  the  average  daily  electric  consumption  of  a. conven- 
tional home  over  a  one-veek  pericxl  and  compare  the  findings  with  those 
re:jults  recorded  for  a  similar  time  span  of  concentrated  energy  conserva- 
tion for  the  -same  home. 

C-      Build  a  watt-meter  to  compare  the  individual  differences  in  energy  con- 
sumption of  various  small  appliances. 

D.      Develop  a  list  of  energy  saving  techniques  to  apply  in  his^home  durii^  eac 
■-  season  of  the  year. 


RESOURCES 

Books:  .X 

*  -  . 

Energy  Conservation  Resources  for  Education.    Texas  A&M  University,  Department 

of  Industrial  Education,  College  Station,  Texas^*    1978,  pp.  151-158, 

Ideas -fSnd  Activities  for  Teaching  Energy  Conservation:.   Grades  7-12.  Tennessee 
Energy  Office  of  State  Department^of  Education.     1977,  pp.  190-191. 

Providing  for  Energy  Efficiency  in  Homes  and  Small  Buildings.    U.S.  Department 
of  Energy.    Office  of  Consumer  Affairs,  Education  Division:  Washington, 
DC,  June  1980,  Part  I  pp.  47-48,  78-83. 

Tips  for  Energy  Savers.    U-S.  Department  of  Energy.    Washington,  DC,  pp.  1-39. 

Instructional  Sheet:    IJP-2At1-2    Monthly  Energy  Requirements  of  Electric  House- 

;  .hold  Appliances 

Instructional  Sheet:     IP-2B^l-2    Hov  Much  Electricity  Does  it  Use  * 


in 


ACTIVITY 


A.  Conipile  a    list  of  +  all  electric  energy  consuming 'devices  in  a  conventional 
-home  and  determine  the  approximate  KWH/yr.  and  the  cost  required  to  use 

each  appliance  for  one  year.     Refer  to  handout  of  "Monthly  Energy  Require- 
"7*.   ments  of  Electric  Household  Appliances"  from  Carolina  Power  &  Light, 
.      Raleigh,  NC,     Instructional  Sheet  IP-1-1-2  '  . 

B.  Read  the  wattmeter,  of  a  conventional  home  at^  the  same  time  every  24  hours 
for  7  d^ys<     Record  these  readings  on  a  bar  graph.     Compute  the  total 
weekly  electrical  consumption  and  figure  the  average  daily  consumption  of 
one  week.     Reference:    Energy  Conservation  Resources  for  Education, 

pp.  151-156 

*^  '  ■  . 

C.  Build  Che  watt-meter  test  board  as  diagrammed  on  the  handout.  *  Using  the 
test  board,  measure  the  amount  of  energy  consumed  by  a  variety  of  small 
appliances  over  a  specified  time  and  record*     (See  Figure  2*) 
Reference;-   How  Much  Electrigity.'Does  It  Use?,  pp*  32-  ^' 

D.  -    Compile  a  list  of  energy  saving  techniques  to  be  utilized  in  a. conventional 

home  for  each  of  the  following  areas. 

^  .  ■     ^  ■ 

Heating 

Air  Conditioning  .  , 

Hot  Water 

u         Dish  tfasher  \  " 

Refrigerators  and.  Freezers 

Ovens  and  Stoves 

Clothes  Wash^^rs  and  BTcyers 

References:  ^  100  tfays  to  Save  Energy,  Providing  for  Energy  Efficiency  in^ 

Homes  and  Small  Buildings  p.  78-63,  and  Tips  .for  Energy 

Savers.  -  ■ 

*  -  ■  ■     ■  ^ 

FEEDBACK  ^  '  '  ^ 

Objective  A  Check: 

From  the  iixform^tion  obtained  in  Activity  A,  figure  the  approximate  percentage 
of  total  energy  used  in  a  month's  time  that  is  consmned  by  each  of  ^he  following 

Heating .    *r  ^  *  *  '■  . 

Lighting  * 

Air  Conditioning 

Refrigeration  "  . 

Cooking  ■        ^  .  * 

Hot  tfater  ^  '  ■  *  . 

Miscellaneous 
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FEEDBACK  (Continued) 


Objective  Brand  C  Check: 

Read  the  dials  of  the  watt-hour  meter  gauge  and  write  the  correct  number  on  the 
blanks  provided,     (See  Figure  2)  -  , 

Objective  D  Check:         *  * 

litilising  the  energy  saving  techniques  developed  in  Activity  D  and  other  informa- 
tion obtained  froin  previous  activities,  figure  the  energy  savings  that  would  re- 
sult from  a  conscious  change  in  habits  and  attitudes  through  the  following  acti- 
vity- .  ,       "  ^ 

Record  and  compute  the  daily  el&ctrical  consumption  for  the  same  hous^ 
as  in  Activity  D  over  the  sBme  period  of  time  while  making  a  conscious 
effort  to  utilise^the  energy  saving  techniques  developed  in  Activity       .  * 
Compare  these  results  with  the  findings  in  Activity  6.    Even  though  this 
difference  may  be  small,  the  computed  savings  over  a  long  period  of  time 
should  be  significant-  *     .  -  ^  . 
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MOrmaY  ErXRGY  REQtJlRE?gNTS  OF  ELECTRIC  HOUSEHOLD'  APPLIANCES 


(55  min.  cycle) 
C$5. 87 /Month) 


use 


APPLIANXES 

Air  Conditioner  (Window)* 
12  Hrs.  Use  ,-  6,000 
ETU  115  Volt 

12  Hrs^  Use.  -  12,000  ' 
BTU  230  Volt 
Electric  Blanket  (8  Hrs. 
■«  use  per  day) 
Broiler  • 
Clock 

Clothes  Dryer 

7  loads/week 
"Crock-Pot" 
Coffee  Maker 
Compactor 
Deep  Tryex' 
Dehuuiidif  ier  24  hrs. 

22  pts./day 
Dishwasher 

Including  hot  water  32 

loads/month 
Dripping  Faucet  -  slow 
Dripping  Faucet  -  medium 
Dripping  Faucet  -  fast 
Fan  (Attic) 
Fan  (CirculatSngT 

10  hrs*. use/day  ' 
Burner  &  Fan  (furnace-oil) 

6  aonths  use-1375  hours 
Fan  (Roll-^out) 
Fan  (Window> 
Food  Kixer 
'  Food  Waste  Disposer  ' 
Frying  Pan 
Hair  Dryer 
Hair  Dryer 
'  Hair  Dryer 
Heater  (radiant) 
Hot  Plate 

Humidifier-  6  hrs./day 
Iron  (hand) 
Lamps,  Fluorescent 

(6  hrs./day)  40  watt  48" 
"    (inc,  ballast) 

(6  hfs./day)  80  watt  96" 
(inc.* ballast)  .  * 
Lamps,  Incandescent 

60  watt  isize  (6  hrs./day  tise) 

100  watt  size  (6  hrs/day  tise).. 
Microwave  Oven 

15  min.  pier  day  use 


TYPICAL 
WATTAGE 


(soft  bonnet) 
(hard  bonnet) 
(hand  held)  " 


860 


1,950 

190 
1*,500 
2 

5^500 
70/140 
1,000 
.1,380 
1,620 

600 


800 


370 
88 


836 
171 
200 
127 
.445 

1,600 
400 
900 
600 

1,650 

1,650 
115 

1,000 


.50 

100 

60 
100 

1,460 


ATPROX, „ 
OPERATING 
COST  PER  HOUR 


4.3^ 


9.8o 

8.0t/day 
7.5p 


27. 5^ /load 
*6t 
5-00 

8.10 


16.0o/load 


l-8o 

4.4o/day 


0.9,0 
l.Oo 
0-60 

7.9o 
2-10 
-4.50 
2-9*0 
8.20 
8.20 
5.0o 
5.00 


APPROX.  KWH 

USED  PER 
'  MONTH 


310 

702 
46 
1.5 


APPROX. 
MONraLYCOST 


$  15.50 

$  35.10 
$  2-30 
7150 


14. 4/ d^ 


102 
40 
80 

120 


192 


2;5 


7.30. 


21 

9 

18 

11 

.  18 

11 


I^-Oo 

72.0o/day 


$  5-10 

$  .2.00 

$  4.00 

.$  6.00 


$    9 .60 


12.50 


$  1.05 
* 

45.00 

90.00 

55.00 
90-6o 

55.00 
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Radio 

Radio-Phonograph-Stereo 
Range 

Refrigerator 
Side-by*side ,  no  frost 
.22  cu.  ft,  ^ 
22  cu*  ft, /customer 
dispenser 
Refrigeriitor 
2  door  itop  mount)  no,  frost 
21  cu.  ft. 

1§  cu.  ft.  -     ^ ' 

16  cu,  ft*  ^ 

14  cu,  ft* 
Refrigeriitor 

2  door  (top  mount) 
cycle  defrost 
.   14  cu.  ft,  ■  .  '  . 

12  cu,.  ,ft^, 
Refrigerator 
■  Single-^oor,  manual 
'  defrost  -  10  cu,  ft* 
Tood  Freezer 
No  frost  upright 
16  cu,  ft. 
Food  Freezer  ' 
Upright,  manual  defrost 

15  cu,  ft,  ^ 
'12  cu,  ft,    '  y   [  ^ 

Food^'Freeser . 
*   Chest,  manual  defrost 

20   cu*    ft*  : 

15  cu,  ft. 
Sun  Lamp 


75 
125 
12,000 


495 

;495 


3-7c/iO  hrs. 
6,3c/lO  hrs- 


Television  CS&W) 

CS'hrs.  per  d^ay) 
Television  (Color) 

C8  hrs.  per  day)  , 
Television       •  • 
' Ins  cdnt  On  when  "off"  . 
B&W  (Solid  State) 
Color- (Solid  State) 
Toaster    ■  •  '  . 

Toaster  Oven 
Aractium  Cleaner  .     .  ■ 
^'Waffle  Iron 
'Washing  Madiine  Only- 
Washing  Madiine 
Hot  wash  warm  rii^e 
■    includes ■ cost  of  hot  vater 
based  on  30:  gallons  of  hot 
water  peE  wash  . 


475 

475 
475 


475 
475 


300 


475 


475 
440 


400 
400 
150 

300- 

150 
300 


13 
16 
1,320 
1,500 
.  920 
1,200 
300 


300 


0.8c 
1.5c. 

0.8c 

1.5c 


7.7C* 
4.6c  * 
6.0c 

1.5c/Load 


43.6c/Load 


110 

180 
186 


167 
.165 
138 
129 


110-. 
97 


58 


210 


140 
129 


36 
72 


.  9 
11 

.14 
6.0 
1.2 
10 


$  5.50 

$  9.00 
$  9.30' 


$  8.35 
$  8.25 
$  6.9.0 
$  ■>  6.45 


$  5.50 
$  4.85 


P-  2.90 
$  10.50 


155  .  $  '7?75 
.  137  $  .  6.85 
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$  7;oo 

$  5.95 


$  1.-80 
$  3.60 


-45.0c 
55.0c 

70.0c 
30.0c 
6.0C 
50.0c 


30  Loaas/M 
$  13.15 


C58  minute  cycle)  ,   .  • 

Water  Heater  (■  4  In  family)  4,500 
iJater  Pump  .  460 


409 
75 


$-20.45 
$  3.75 


KOTE: 

•6' 


Cost  figures  are  based  oh  5.0d.K['JH.  These- cost  figures  do  not  reflect  the" 
basic  customer  diarg(>  for  resi'dentij^  customers.  .  • 
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How  Much  E  I  e  cfr /  city  bots-  I  f  i/^fe  ? 


14^ 


By  Pclcr  Vignugna        . .  ^ 

TO  help  >taUcnt\  utidct\tand  tlic  im^ 
puce  various  jppllaiiccN  Imc  on  dec- 
uiciiy  bilK.  I  dcjiign^d  an  inictrumcnrfor 
deterniining 'the  oact  oo!»e  of  iiAing  anV' 
no  V  dectrioa!  device.  "Project  Ktlu\*an'\ 
can  construcicil  in  a  I'cvi  hours,  once 
ihc  pans  ha^c  been  obuiacd.  Mom  uiiitiy 
eompanicN  will  donate  a  ^hcd  waeimetcr. 
which  the  mosii  expensive  eoinp^anent 
need^  for  thcprojcct, 

THe  method.  FjKl  rceord  a  reading 
of  the  krlowatt  meter,  and  connect  the 

'  **Projcci  Kilowait*'  boar^J  to  a  1 10  V  pui* 
Wi\  Then.1  plug  ihe  electrical  device^  to  be 
tcsiedt  inio  the  :outlet  mounted  on  the 
board,  and  turn  on  the  S'^viech.  Po\^er  h 

,  n6w  fed  through  ihe  uaumeier  ini6  ihe 
appliarKC.  After  a  spceiHc  time,  turn  off 
the  power  and  record  ihe  wattmeter  read- 
ing. The  difference  heii*ecn  this  reading 
and  the  lirM  reading  ts  the  utiioum  ot  kilo- 


Petcr  Vi^mtz^a  is  vf^irnian  thts  in- 
Huitriixi  arty  di^purtment^  Marix^thty  fNe^" 
Ko^Jt>  Senior  iH^h  School, 


Reading  the  meter 

\\  Read  the  meter  dials 'from  left 
to  Tighi. 

,  2.  Read  the  diaU  as  thousands, 
hundpeds,  t^m.  and  un^its* 

3*  If  a  {pointer  seems  lo  be  exactly 
o*-cr  a  number,  check. if  the  pointer 
on  the  dial  to  the  right  is  on  or  pa>t 
zero*  If  it  isn'i,  use  the  \wcr  of  the 
"two  numbers* 
'  4*  Answer  is  as  reali  in  kilowatt 
hours* 

The  dials  bdow  mdicoie  5^*692  kilo^  ^ 
watt  hours* 


'watt  hour\  conxumcJ  by  the  dc\icc-  C  uni* 
,pute  the  COM  by  mfiltiplying  the  rate  per 
ktlowatt  hottc  the  number  ot  kilowatt 
hours  consumed*  C^ct,  the  rate  from  an 
electrie  bill  or  by  cillin^  the  ulifrty  com- 


pany. 


PARTS  LIST 

?/4  X  7-1/4  X  25^1/4  pine  base- 

board 
Watthournneter 

Duplex  outlet  Igrounding  type) 

and  outlet  box 
4"  metal  box  for  fuse  holder  and 

.  switch  IFusetfon  type  SSYJ 
15  A  plug  fuse 

12  or  14  ga^  cable^  two*wire  with 

ground 
Line  cord,  three*w]re  type 
^3'eahle  connectors  ■ 
Wire  nu,ts 


After  building  the  'Tfoject  Kilo- 
watt" boards,  students  can  take 
thenn  hpnne.and  apply  what  they, 
have  learned  to  their  fannilies" 
electrical  needs. 


Lift© 
\/4>lta9e 


Board  layout 
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ircuit  design 


ERIC, 


^1 


Watt- 
meter 

\  '■'■'■.0. 

Duplex 
outlet 
(grounding 
type) 

■    ■ :'  -  .  -^w: 

.  ■ 

CONSERVING  ENERGY  THROUGH  CHANGES  IN  HABITS,  ATTITUDES,  AND  GAINING 

SELF-SUFFICIENCY 

I?r3,         Developing  a  Positive  Acticude  Toward  Energy  Conservacion  Through 
Changes  In  Tran'sporcacion  Habits 

OBJECTIVES  '  .  * 

*  '  ■  ■_ 

Upon  complecion  of  chis  inscruccional  package,  you  will  be  aible  co: 

A*      Perform  an  Energy  analysis  of  hi&  CransporCacioa  habics  and  accicudes 

to  decermine  areas,  where  habicS  may  be  modified  co  conserve  energy. 

*  ■  *      -  '  * 

&.      List  energy  saving  seeps  chat  can  be  utilized  when  driving  an  aucomobile. 

C.  Decetmine  Che  energy  saving  gained  chrough  a  conscious  change  In  driving 
habics. 

D.  Dev^elop  an  energy  conservacion  progrant  based  on  modlficaclon  of  his  per- 
sonal cransporcacion  habics  and  behavior. 

RESOURCES   '  .  ,  ■ 

Books  :^  ^  »        ^  * 

Energy  Conservacion  Resources  for  Educacion.    Texas  MM  UniversiCy,  Deparcmenc  ^ 
of ^Induscrial  Educacion,    College  Scacion,  Texas,  pp,  ^34-264, 

How  a  Sill  Becomes  a 'Law  co  Conserve  Energy'.    U,S,  Deparcmenc  ofEnergy.  Con- 
sumer Affairs;    Washingcon,  DC..    April  1980,  ^p-  '45-58, 

Ideas  and  Accivicies  for  Teaching  Energy  Conservacion:    Grades  7^12*  ,  Tennessee 
Energy  Office  of  StaCe  Departmenc^of  Education,    1977,  pp,  149"150- 

Tips  for  Energy  Savers.    tT.S.  DtparonenC  of  Energy,    Washing  Con,"  DC,  pp,  1-25- 

Magazine^:  -  ,    .  * 

"Changing  our  Energy  Behavior."    Hogan,  H^^J.-    Journal  of  Home  Economics,  May 
1978,         .        ^  '  ■ 

t)p-  18"21^  .  * 

"Energy  Conservation  in  Davis,  California,"    Jolly,  D,  and       Gicer/   Journal  of 
Home  Economics,  May  1978,  pp,  37-38,  ,  ^ 

Vl.OO  Ways  co  Save  Energy."    Scewarc,  M.S.  and  W.D.  Moss.     Journal  of  Homs  Economics, 
May  1978,  pp.  36."  .  ,  , 
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ACTIVITY,  •  . 

A,  ^      Haintain  a  record  of  transportation  for  a  2-week  period,  recording  the 

following  infopnation: 

Hethod  of  Transportation  Used 

Number  of  Trips  *  '  . 

Reason  for  Trips         ,  - 
Distance  Traveled 

Number  of  Persons  Traveling  Together 

Total  Amount  of  Fuel  Used  "* 
Total  Cost  of  Fael  ;  '      .  ^  - 

Average  Miles  Per  Gallon  (MPG)  at  end  of  2  wee  period 

At  end  of  the  two  (2)  week  period,  discuss  the  results  and  how  energy^  ^ 
could  have  been  saved  by  modifying  habits,  behavior,  attitude,  methods  of 
transportation,  etc, 

i      '  *  ■  "  '     '  ' 

B,  Compile  a  lis't  of  energy  saving  techniques  -  that  can  be  applied- through 
various  means  of  transportation.-   Consider  the  automobile  as  the, primary' 
means  of  transportation  and  the  conservation^steps  that'  can  be  taken  that 
involve  driving  habits ,.  preventive  maintenance,  etc.    Discuss  your  list. and. 
the  advantages  and  disadvantages  of  each  energy  saving  technique. 

Reference:    Changing  OUr  Energy  Behavior,  Row.  a  Bill  Becomes  a  Law, 
*  ^  ,100  Ways  to  Save  Ebergy,-  and  Tips  for  Energy  Savers 

C-  Using  the  carpooling.  activity  sheet  furnished,  figure  the  costs  of  com- 
muting to  and  from  school.  Discuss  these  results.  (See  Instructional  ■ 
Sheet  IP-3A1-3.X  \  .  ^ 

References:    Ideas  and  Activities  for  Teaching  Energy  Conservation:  * 
*  Grades  7-12  and  Energy  Conservation  Resources  for  Educa- 

.  tion.  '  \ 

D.      Utilizing  the  energy. saving  techniques  compiled  in  Activity  B  to  the  full-, 
est  extent,  maintain  a  record  of  transportation  for  a  two-week  period,  re- 
cording the  same  information  as  for  Activity  A:    Hake  a  comparison  of  the 
result^s  with  those  iti  Activity  A  and  discuss  the  findings.  Consider 
v^ett^er  a    change  in  transportation  habits  would-be  cost  effective  for. the 
long'^and  short  terra.  ■  Discuss  how  behavior  changes  would  affect  your  life- 
style regarding  J:ransportation.  ^  * 

Reference:    Changing  Our  Energy  Behavior 

FEED6ACK  *  .  ^   '  -  '  I  ' 

A.  Considering  each  of  the -following  points-- and  utilizing^discussion  of  the 
previous  activities,  develop  ah  energy  plan  for  conserving  energy  t^hrough 
transportation.     (See  Instructional"  Package  IP-3  Feedback) 

B.  Write  a  scenario  or  ftfture  history  of  vrtiat  your  life  would  "be  like  if  you 
were  limited  to  8  gallons  of  gasoline  per  month.    How  wouU  your  lifestyle 
be  aJcfected?    What  changes  dp  you  think  would  have  to  be  made  in  our 
society?    What  changes  iir  behavior  would  you  have  to  make?    Would,  this 
affect  how  and  vrtiere  jrou^ajjjjd  live  or  the  types  of  transportation  you 

■  would  use?       .  J-CiO   .  '  *  . 
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Ins  true  clonal  Sheet  rP-3Al-l  ,^ 

Using  the  following  information,  figure  the  cost  of  commuting,  to  and  froth' 
school :  .  '  " 


Vehicle 

Cost       Maincenance  ,  Gas  &  Oil  State  and 

Depre-     Accessories,.  (Excluding)  Insur-    Federal,      Total,  Cost 

Car  Size*        ciated  Parts  &  Tires         Taxes)  ance       Taxes        (Per  Mile) 


Standard 
In termed . 
Compac  t 
Subcompact 


2.U 


l.H 


5-3^ 
3.8^ 


0.9i 


=  m 

»  16^. 
»  13^ 
=  lU 


Adapted  from"  U.S.  DeparCmefnt  of  Transportation-Federal 
Highway., Administration  Statistics 


Example  -  Hgw  co  figure  your  present  coomniting  cost;  (Standard  car=Ford  LTD) 
traveling  30  miles  round  trip  , ' 


1.  MULTIPLY    (.17)  X  (-30)  -  $5.10 

C^s't  Miles 
per  mile      per  day 

2.  ADD    Daily  parking  cost  +0 

3.  TOTAL  DAILY  COST  =  $5-10 

4.  .MULTIPLY  DAILY  COST 
By  number  of  school 

days  per  month  x21 

5.  COST  PElt  MONTH  TO  DRIVE 


r 


ALONE 


=  $107-10 


6.      DIVIDE  BY  KUMBER  OF 
PEOPLE  IN  CARPOOL  . 


-^  4 


7.  NEW  INDIVIDUAL  COST  ^  .  . 

BY  CARPOOLING  =  $^6-77  "      .  ^ 

t/ 

8.  MONTHLY  CARPOOL'  '   -      ,  -  '  .    •  . 
SAVING  ($107.10  -  26.77)$80.33                .  •         -  • 

^IMPORTANT  -  For  a  successful  carpoo-l  ^when  the  driver-rowner  does  all  the*driving 
-fair  share  rates  should  be  figured  on  paying  riders  only-  The 
driver-owner  should  ride  free-  ^  .  * 


Instructional  Sheet  XP-3B1-2 

1,      MULTIPLY    X    =  $ 

Cost  Miles 
Per  Mile  Per  Day 

2-  ADD    Daily  Parking  Coct 

3-  TOTAL  DAILY  COST 


4.      MULTIPLY  DAILY  OOSXl  ^ 

By  number  of  school  days  per  month  X 

5-       POST  PER  MOirr^  TO*  DRIVE  ALONE 


6-      DIVIDE  BY  NUtffiER  OF  PEOPLE  IH.  CARPOOL  -r 

7,       NEW  INDIVIDUil  COST  BY  CARPOOLIHG 

8-      MONTLY  CARPOOL  SAVING  (#5-#7)  _= 


CONTACT  ORGANIZATIONS: 

1.      Transportation  Research  Center,  The  University. of  Tennessee,  South  Stadium 
Hall,  Knoxville,  Tennessee  ^    37916,  , 

2-      Tennessee  Energy  Office,  Suite  250,  Capitol  Hill  Building,  7th  and  Union 
Nashville,  Tennessee    37219,  / 

3,      U.S,  Departinent  of  Transportation,  400  Seventh  Street,  sW,  Washington,  DC 
20590  ^  "  ^ 

.  Tennessee  Department  of  Transportation,  817  Highway  Building,  Nashville, 
Tennessee  37219- 
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Cruccio[i. 


al  Sheet  ip-J  Feedback  1-1 


It  isl  said  that  Americans  travel  farther  and  faster  thatu-any  other  people 
jLn^the  woijld.    Transportation  (fuel,  manufacturing  and  maintenance,  highways) 
accounts  ior  about  42%  of  our  total  energy  budget  in  the  United  States.  Thereis 
great  potential- for  saving  energy  in  the  transportation  sector, 

Havejstudents  condu«-^-e search  and  contact  organizations  to  learn  more  ' 
-about  con;;erving  energy  through  transportation.    As  a  result  of  their  research, 
they  shoujld  prepare  a  plati  for  themselves  and  their  families.     In  conducting 
students  should  consider  the  following  points^ 


research, 
1. 

2. 
3. 
4. 


6. 

^' 

10. 
It. 

12. 


Methods  of  making  vehicles  more  energy-efficient. 

Methods  of  saving  energy  in  manufacturing  and  maintaining  vehicles. 

Methods  of  saving  energy  in  road  construction  and  maintenance. 

Driving  habits  which  result  in  energy  conservation  (e.g.,  fewer  rapid 
accelerations,  less  quick  braking). 

Kinds  of  energy  conservation  legislation  to  mandate  or  encourage  energy 
conservation  through  transportation  (e.g.,  55  mph  speed  limit,  right' 
turn-6n*r€d-af ter-stop). 

Requirement  of  pollution  control  devices. 

Advantage's/disadvantages  of  radial  tires,  ignition  systems,  stream- 
lining, designs,  increasing  passengers  per  vehicle,  abandoning  automatic 
transmissions. 

Salvaging 'metals%  etc.,  from  junked  vehicles. 
Jnnecessary  trips  or  travel. 

ays  to, conserve  energy  while  on  vacation.  '  . 

1  ^ 

Growth,  decline,  advantages,  and  disadvantages  of  travel  by. walking, 
bacycle,'  automobile,  bus, ^  railroad  ,  water,  airplane* 

Alternatives  to  individual  transportation:     carpools,  vanpools,  mass 
transit.  =  '  '  ^ 


Figure  4  Energy;     Plan  for  Conserving  (Adopted  from  Ideas  and  Activities  for 
Energy  Conservat'^ion:    Grades  7-12,  Tennessee  Energy  Office) 
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POST-CHECK 


CONSERVING  ENERGY  THROUGH  CHANGES  IN  HABITS,  ATTITUDES,  AND  GAINING 


SELF-SUFFICIENCY 


Directions:        Circle  letter  representing  correct  answer, 

1.  With  regard  to  energy*,  the  nation  roust:  ^ 

A,  Conserve  energy 

B,  Develop  altefnat:e  sources  of  energy 

C,  ^lov  down  the  accleration  in  new  demands  for  energy' 
.  D.    All  of  the  above, 

2,  The  chief  concern  of  the  individual  is:  ^\ 

A,  Developing  alternate  sources  of  energy  ^  ; 

B,  Conserving  energy 

C,  Repair  and  roaintenance  - 
To  conserve  energy  in  winter,  set  tliermostat  at: 

C.    680  F  day,  and  69*^  F  night 


3, 


680  F 
60O  F 


To  conserve  energy  in  summer,  set  thermostat  at: 


A. 


780  F 
720  F 


680  F 


5,      Iteep  window  drapes  exposed  to  sun  during  winter: 

A,  ,   Drawn  at  night,  o^tr  during  the.  day  '  .  , 

B,  Open  during  the  night,  drawn  during  the  day 
C-    Open  all  th^  time 

6-  Window  drapes  exposed  to  sun  during  stumner  are:^ 

*•  '  "     '\  .  -         -  ^ 

A,  Open  during  the  day 
B-    Drawn  during  Jhe:  day 
C-    Closed  aM  the  time 

7-  To  conserve  energy:. 

A-    Operate  furnace  at  full  capacity  at  all  tim^s 

B,  Heat  1/2  the  building  at  a  titne. 

C-    Heat  only  rooms  that  ar^  being  used  "^^^^^^^-^ 

8-  When  using  a  fireplace:  .  .    .      ^  :  ' 

A,  Keep  windows  open  "  ' 

B.  Keep  damper  closed 

C-    Provide  outside  air  to  fire  box  if  possible 


m 


ERIC 
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10.. 


*  11. 


.  12. 


13. 


14. 


15. 


16. 


POST-CHECK  (concinued). 

CONSERVING  ENERGY  THROUGH  CHANGES  IN  HABITS,  ATTITUDES,  AND  GAINING 

SELF-SUFFICIENCY 


Attic  ventilators  .are  used  to:  % 

A.     Supplement  the  air  conditioning 

B*.     Reduce  the  temperature  in  the  attic 

C.    Provide  for  higher*  cemperaCures 

A^r  conditioner  vents  should  be  adjusjced: 

A.    Upward  ~  B.  Downward 

The  heating  system  is  aided  by  lighcing^ 

A-     True  B,  False 

kitchen  and  bathroom  vent' fans  should  be  operated: 

A,  Continually  C-    Only  when  needed 

B,  Intermittently 

Air  conditionerSjShould  be  operated: 

C,    Only  when  needed 


A.  Continually  . 
B+  Intermittently 


The  difference  in  energy  use  with  the  air  conditioner  set  at  7S*^  F  instead 
of  72^  F  would  be: 


a:    40%  B.  10% 

The  most  efficient  lighting  is: 

A,     Incandescent  — B,  Flourescent 

Ways  CO  save  I'ighting  energy  are  to: 


60% 
Same 


A.  .    Use  dimmer  switches 

B,  Use'  lower  watt  bulbs 


C-  .turn  lights  o^f  when  not  in  use 
D,    All  of  the  above 


17.      Incandescent  lights  should  be  turned  o£f: 
A-    Each,  time  you  leave  the  room 

B,    If  you  are  .going  to  be  ,gon,e  for  at  least  15  minute^ 
18-'     Flourescfent  lights  sbould  be  turned  off: 

A,  Each  time  you  leave  the  room 

B,  If  you. are  going  to  J:>e  gone  for  at  least  15  minutes 
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POST-CHECK  (continued) 

CONSERVING  ENERGY  THROUGH  CHANGES  IN  HABITS,  ATTITUDES,  AND  GAINING 

SELF-SUFFICIENCY 


19-  Refrigerator  doors  should  be  opened t 

A,  All  the  way  C, 

B.  As  infrequently  a&  possible 

20-  Place  hot  dishes  in  the  refrigerator: 

A,  Immediately  CL 

B,  Only  after  they  have  cooled 

21.    Use  dishwasher: 

A,  As  often  as  you  have  <iirty  <lishes 

B,  .Only  when  you  have  a  load' 


Remain  closed 


Gradually 


C,    To  wasti  glasses  only 


22^    When  baking; 

A,    Try  to  fill  the  oven 

B+    Cook  one  panful  at  a  time 

C.    Leave  the  oven  door  cracked  open  for  ventilation - 


23-    When  boiling  water; 

A-    Leave  the  pot  open 
B..    Keep  a  lid  on  the  pot 

2A,    When  cooking  frozen  foods: 


C,    Use^a  baking  dish 


A.    Allow  them  to  thaw  or  partially  thaw  before  cooking 
■B,    Cook  them  immediately  after  removing  from  the  freezer 
C-    Keep  them  in  the  original  container. 


25-    Microwave,  ovens  are: 

A- .  Good  for  frying  foods  C, 
B,    More  efficient  than  infrared  ovens 


Low  in  proteins 


26. 


27. 


Aluminum  pots'  are  the  most  efficient, 

A,    True  B.  False 

Aluminum  foil  is  recommended  to  line:  r 

A^  The^oven 

B-    The  reflector  pans  under  electric  burners 


ERLC. 
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,  POST-CHECK  (continued) 

CONSERVING  ENERGY  THROUGH  CHANGES  IN  HABITS,  ATTITUDES,  AND  GAINING 
,  SELF-SUFFICIENCY 


28.    When  washing  clothes: 

A.    Use  hot  water 
29-    Dry  clothes:       ^  ' 


32, 


33. 


34. 


B.    Us'e  cold  water 


Use  salt  water 


A,  As  rapidly  as  possible 

B,  Only  until  dry 

C,  Past  the  drying  cycle  to  reduce  wrinkles 
30, .  Energy  can  be  saved: 


A.    At  home 

public  buildings 

C.     In  of fice  buildings 


^  E, 


D.  In  hospitals  and  schools  B< 
AH.  of  th^  above. 


In 


31-    Whose  responsibility  is  it  to  save  enetgy  at  school? 


A,  The  i:.eachers 
The  students 


C.  The  building  superintendent  B. 
All  of  the  above 


The,  same  rules  for  conserving  energy  in  Che  home  generally  apply  to  other 
buildings.  "  ^  ,  ^ 

a:    Tr;ue  .  '  B,  False 

Energy  surveys  are :  ^  ^ 

A,     Important  .  B,  A  waste  o^  time  C,  Expensive 

The  best  procedure  for  energy  saving  in  buildings  is  to:  ^ 

A.  Assign  responsibilities 

'B,    Let  everyone  decide  what  to  do 
C,    Turn  Che  l^ighcs  ouc  when  noc  in  use  ' 

'^35,"  The  design  and  m'aincenance  of  public  buildings  are: 

A;.-   Important  Co  energy  saving 

B.  \  Not^  imporcanc 

C.  Always  done  wich  energy  efficiency  in  mind  ' 
36*    A  planned  ^ise  of  buildings  can  contribute  Co  energy- efficiency* 

A.    True  .  -  '  B,    False  ^ 


Rjc; 
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fUST-CHECK  (continued) 

CONSERVING  ENERGY  THROUGH  biANGES  IN:HABITS,  ATrixUDES,  ARD  GAINING 

SELF-SUFFICIENCY 


37 <    When  providing  food  service  in  buildings:  . 

A<     It  is  best  to  cater  food  ^ 

B,    Efficiency  measures  are.  similar^  to  those,  for  the  home 

C-  'Coo}c  only  one  meal  per  day  \^  ,  * 

When  cpming  to  a  stop  sign  in  an  automobile,  one  should: 

A,  Brake  quickly  ^  C-    Put  the  car  in  neutral 

B-     Anticipate,  and  brake  slowly  '  .  . 

39-  When  stopped  and  idling  for  more  than  a  minute,  one  should:  .  * 

A-    Turn  off  engine  C<    Continue  to  idle  in  neutral 

B.  Continue  to  idle  as  slow  as  possible  .  « 

40-  Driving  at  55  mph  uses  less  gasoline  than  driving  at: 

A.     35  biph.  C,     70  -mph 

0  B-  50  mph  *  .  *  :  A  , 
*       '        ►                                                          „                   '    ■  *> 

/41-^    A  poorly  tuned  car  could  4ise  as  much  as          per^cent  more  gasoline  than  a 

well-tuned  one-  "  \  .  *  *  ^ 

A.  3  to\9  /    C,    25  ,  ^ 

B.  -;0.  to  20 

42<     Radial  tires  can  improve  ^as  milieage  on  the  highway  about: 

i  A.     3%    '  B.     7%       ,        C,  15% 

43J    Underinflated  tires"  can  reduce  fuel  economy  about  _^  ^  for  every  pound 

of  pressure  under  the  recommended  pounds'  per  square  inch- 

\    A.     2%  b.     5%  C.  10% 

44<V  For  every  100  pounds  of  extra  weighty  fuel  economy  is  reduced  ^bout   

'  for  the  average  car*  .  ' 

1  A.     1%      ^  .B.     3%  C.  5% 

45-  \  When  buying  a  car,  a  decision  should  be  based  on: 

La.    Price  of  the  dar  C-,    Both  A  and  B 

j  C*    Estimated  fuel  cost  ,  . 
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POST-CHECK  (continued) 


CONSERVINQ  ENERGY  THROUGH  CHANGEST  IN  HABITS,  ATTITUDES,  AND  GAINING  . 

SELF-SUFFICIENCY  -  /  :r 

^6,  ^  Generally,  the  best  fuel  economy  is  associated  with: 

A,  Low  vehicle  weight  -  C-    X*arge  engines 

B ,  Automat  ic  transmission  '        ,  : 

47,    The  most;  efficient  way  to  save  gas  when  accelerating  is  to; 

A-    Accelerate  as  fast  as  possible  .  ■  ■  ► 

£i-    Accelerrate  as  slowly  as  possible 
C-    Accelerate  smoothly  and  moderately 

48-  The  average  occupancy  per  commuter  "car  is:  ■ 

A,     1-3  people-  B,    2,0  people  C:    2.6  people  : 

49-  Ey  increasing  the  average  occupancy  per  commuter  car  by  one  person,  the 
nationwide  gasoline  savings  would.be  approxima'^ely: 

A-  ,  100,000  barrels  per  day     ^  C,     600,000  barrels  per  day 

E-     300,000  barrel?  per  day  '  - 

50,     Before  driving  your^car,  the  best-way  to  save  gas  is  to: 

A,    Check'the  tire  pressure  "  ' 

E,     Clean  your  gas  filter 

C,  Plan  your  trip  to  avoid  congested  areas 
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MODULE  SEVEN 


energy'  conservation  through  the  seuctio«  and  application  of 

.  RENEWABLE SU-TERNATIVE  SOURCES- 
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ENERGY  CONSERVATION  THROUGH  THE  SELECTION.  AND  APPLICATION  OF 
RENEWABLE  ALTERNATIVE  SOURCES 


One  of  Che  best  opcions  co  energy  conservation  is  to  select:  a  renewable  . 
source  and  harness  it  to  reduce  conventional  energy  use.    Through  the  combina- 
tion of,  e,g,,  wind  and^solar  energy,  electrical  energy  from  conventional 
sources  can  be  reduced,  . 

TERMINAL  PERFORMANCE  OBJECTIVE 

Identify  a  select  renewable  alternative  energy  ^source  and  construct  a 
working  device'  fhat  will  utilise  that,  source-       .   *  ^ 

Achievement  of  the  terminal  performance  objective  will  be  accomplished  by 
success-fully  completing  seven  instructional  packages."  Perhaps  yo^^  already  know 
soineChing  about  the  seven  topics.     If  this  is  true,  you  may  wish  to  take  the 
preteist  *'to  determine  the  ext<;nt  of  your  knowledge.    The  results  of  the  precheck 
may  be  used  to  diagnose  and  prescribe  ^the  instructiional  packages  you  need  to 
comf^lete  in  this  instructional  module,    -If  you  feel  you  do  not  .have  enough 
knowledge  about  these  topics,  you  may  eliminate  the  pre-check  and  begin  the 
first  instructional  package:     the  results  of  your*own^individual  diagnosis  and 
prescription  may  be  recorded  below. 

INSTRUCTIONAL  PACKAGES  KNOW  NEED 

IP-1  Identifying  Altemacive  Energy  Sources   ■  -■ 

IP-2         Examining  Wood  as  Renewable  Alternative 

Energy  Source  ^  ^    


IP-3         Investigating  Alcohol  as  Renewable 
Alternative  Energy  Source 

,IP-4         Conse^rving  Energy  Using  Passive  Solar 
Techniques  * 

IP-5         Examining  Solar  Energy-HoU  Wate^  Systems 

IP-6'        Examining  Solar  Energy-Hot  Air  Systems 


IP-7 


'  Euilding  and  Installing  Solar  Devices 


/ 

{ 


PRE-CHECK 

ENERGY  CONSERVATION  THROUGH  THE  SELECTION  AND  APPLICATION  OF 
RENEWABLE  ALTERNATIVE  SOURCES 


Directions:  Complete  the  multiply  choice  questions  that  follow-  If  you  miss 
more  than  one  question  per  instructional  package,  you  will  need  to  devote  time 
in  learning  that  area.  ,    '  '  * 


IP-I. 


Identifying  Alternative  Energy  Sources 
Alternative  energy  sour^ces  are  those  that: 
A*    Are  in  common  usage* 

B-    Can  not  be  adapted  to  large  scale  usage. 
C-    Ai^e,  not  expensive^ 
D*    tAre  not  in  primary  usage* 

Renewable  energy  sources  are  those: 

A,  That  we  can  purchase  'again  after  our  present  supply  is  us'ed  up< 

B,  That  are  replaced  by  natural  processes. 

"C.    Whose  replacement  rate  equals  or  surpasses  their  consumption 

rate  -  _    ,  _       ^      "  ' 

b.    That  have  an  inexhaustable  supply. 

One  type  of  alternative  energy  source  is:  * 

A-  Oil 
B.  Coal 


C- 
D. 


Nuclear 
Sojkar 


Tht;  following  is  not  a  renewable  energy  source 


kA  Wood  ■ 
5.  Bio-mass 


D. 


Wind 

Pecrole^ 


5,     Which  of  the  following  are  alternative  energy  sources? 


A-  /Ocean  thermal  electric  conversion 

Shale  oil  ' 
Tar  sands 


D.  Alcohol 

E,  All  of  the  above  C- 
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FB£-amCK  (Continued) 

ENERGY  CONSERVATION  THROUGH  THE  SELECTION' AND  APPLICATION  OF 
RENEWABLE  ALTERNATIVE  SOORCES 


IP-2,  ^    Examining  Wood  as  RenewablV  Alternative  Energy  Source 

 I-     Wood  is  sold  in  a  volume  of  128  cubic  feet  whicb  is  called  a 

A-    Board  foot  *  C,     Lineal  r 


Wood  will  yield  the  highest 3TU  rating  when 


IP-3. 


A,  Dry-  ^  -  C, 

B,  Green  .    *      _         ' "  D, 

Wood  is  burned  most  .efficiently  in 

A,  "  Open  fires  C, 

B,  Fireplaces  D, 


Cut  for  a  few' days 
Cut  into  short  lengths 


Stoves  witlv  controlled  drafts 
All  of  the  above 


Creosote  formed  whetiiwood'is  burned  is  caused  by'. 

A,  Long  burns  betwen  restoking  \  . 

B,  Incomplete  combustion  ^ 
C   Cool  surfaces.  .  * 

D-    All  of  the  above- 
Chimneys  serve  the  two  basic  functions  of  carrying  hot  gases  safely 
away  and  _  , 

A,  Preventing  downdrafts 

B-  Reducing  air-pollution  .  * 

C*  Creating  a  draft  to  bring  air  into  the  fire 

D,  None  of  the  above. 


Investigating  Alcohol  as  Renewable  Alternative  Energy  Source 
The  two  basic  kinds  of  slcohol  used  for  fuel  are  ethanol  and' 


A*  ^Isopropyl  alcohol 
B/    Methyl  alcohol 


C*  Pure  grain  alcohol 
D*    None  of  the  above ^ 


Ethanol  is  produced  by  the  fermentation  of  sugar^  while  methanol  is 
made  from 


A.  Wood 

B-.   Natural  Gas 


C*  Coal 

D-    All  of  the  above 


y 


PRE-CHECK  (Continued)  ^ 

ENERGY  CONSERVATION  THROUGH  THE  SELECTION^  APPLICATION  OF 
RENEWABLE  ALTERNATIVE  SOURCES 


"Proof"  is  a  term  used  to  describe  alcohol 

'    -    '  e      ■  " 

A,    Purity  >  ,  "  ^*    Burning  ability  \ 

B/  Taste  ^  ,  D-    BTU  rating 

In  ordsr  for  engines  to  run  on- fuel  ^rade  alco)iol^  you  would  have 
^o  modify  ^  -      .  , 

A-    Compression^ratios  D,  All  of  the  above 

B-    F^el  air  mix  <E-  Mone  of  tbe  above 
C-    Some 'rubber  and  plastic  compounds  * 

What  product^below  is  not  one  that  is  used  in  producing  alcohol  as 
a  fuel? 

A.  Mash     ^                       .  C,  Water 

B,  Enzymes  .     d\  Sugar 


Conserving  Energy  Using  Passive  Solar  Techni^ques 

The  first  an4  simplest  approach  to  passive  solar  -heating  is 

A,  Isolated  gain  ^  C,    Direct  gain  ^ 
B-    Indirect  gain  .    .  -  ^ 

Design'pattern  considerations  for  solar  passive  applications  would 
not  include: 

A-^    Building  .rate  D,    Location'of  thermal  mass 

B,  Building  site  and  orientation    E, *  None  of  the  above 

C,  Location^ of  thermal  mass 

Which  of  the  following  would  not  be  found  in  a  solar  passive  unit? 

A,  Trombe  wall  ... 

B,  Clerestory  windows  and  skylights 

C-  Greenhouse  system  ^  ^ 

D,  Differential  thermostat  *  -    "'^  ^ 

Whi(fh'dr£  the  fbllowing^is  an  indirect  gain  element  jDf " passive  solar 
energy?  ^ 

A-    Clerestory  windows  C,  t  Thermosiphon  effect 

B-     Roof  pound  D.    None  of  the  above 
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PRE-CHECk  (Concinued)  ^ 

*       ^  .  5         -  ^  ^ 

ENERGY  CONSERVATION  THROUGH  THE  SELECTION  AND  APPLICATION  OF 
RENEWABLE  ALTERNATIVE  SOURCES 


^The  period  between  the  absorptionf^-of  solar  radiation  by  a  material 

and  its  release  into  a  space  is  .  ^ 

A,  Time  lag     "  C,  ■  Transmit irance  t 

B,  Time  warp  '  D,  Thermocirculation 


Examining  Solar  Energy-JBoc  Water  Systems  - 

Which  of  the  following;'  terms  is  not  associated  with  the  hardware  for 
a,  solar  hot  water  sys^tem?  *  \ 

A.  Differential  thermostat  C\  Glazing 

B.  SolJir  constant  '        .   D,    Absorber  plate  ,    ^  "  , 

One  of  the  methods  of  combatting  the  freezing  of  water  in  a  solar^ 
hot  water  system^  is.    '  '  ^  * 

A,    The  drain  down'  system  ,  C,     A  vapOr  barrier 

B>    Eutectic  salts  D>     Infrared  radiation 

for  high  temperature  applications  of  solar  "hot  water,"  you  would  use 

A.,    Roof  pond  ■   ^       C.    A  concentrating  collector 

Tlat  plate  collector*     ^  D,    A  water  wall 

A  common  antifreeze  for  a  solar  hot  water  system  is 

A,  Glauber's  salt  ^  C.    Methanol--^  , 

B,  Polypropylene  '         D,     Ethylene  glycol 


Examining  Solar  Energy-Hot  Air  Systems*  *  * 

The  most  common  storage  medium  f or^ a  solar  hot  air  system, is 

A,    Glauber's  salt  .  C.    Air         -  ^ 

water  '  ^     '  D.    Trombe  walls 

A  major  advantage  of .  an  air  system  is        '  , 

A,  It  will  not  freeze  '  ^  ^ 

B,  It  IS  compatible  to  most  on-line  home  heating  systems  % 

C,  A  very  small  storage  volume  is  needed  .  . 

No  .batk-up  system  is  normally  needed  ,  ■ 


PRE-CHECK  (Continued) 

ENERGY  CONSERVATION  THROUGH  THE.  SELECTION  AOT  APPLICATION  OF 
RENEWABLE  ALTERNATIVE  SOURCES 

+  *' 

Which  of  ^he  following  is  a  piece  of  hardware  associated  with  a 
hot  air  system?  ' 

A,     Pump  *  C,  Baffle 

B<     Valve  D-     None  of  the  above 

In  an  air  system^  ^eat  transfer  is  accomprished  basically  by 

A-     Convection  -     .        C<  Infiltration 

B  <     Conduc  t ion  .     B -  ia  t  ion 

Building^and  Installing  Solar  Devices 

■A  ;na jor  consideration  in  deciding  to  build  and  install  a/solar  device 
is 

A,     Idealogical  ^  C.  Sociological 

B-    Moral  *  ^  D-  Economic 

A  helpful  method  of  determining  the  feasibility  of  installing  a  solar 
device  is 

A,     He^t  loss  C,     BTU  rating 

B<     Ettergy  audit  'None  of  the  above 

'  Which  of  these  skills  would  probably  apply  to  solar  installation? 

A,     Sheet  metal  C,  Masonry 

B<     Plumbing  D-    None  of  the  above 

Because  it  is  an  important  component  of  the  energy  ethic >  you  should 
give  consideration  Xo  this  before  deciding  to  build  and  install  solar 
devices: 

A<  Conservation 

B<     Energy  independence 

C<     Use  conventional  fuels  to  stabilise  costs 

-P-v.  ^.^l  .9^..^^.^.  above  '   -  c  ^ 
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P RE-CHECK  KEY  - 


ENERGY  CONSERVATION  THROUGH  THE  SELECTION  AND  APPLICATION  OF 
RENEWABLE  ALTERNATIVE  SOURCES 


Identifying  Alternative  Energy  Sources " 

I    .  D  * 

2.  D  ■ 

3.  D  .  . 

A.     D        ■  '  ■ 

5.    °E  ' 

Examining  Wood  as  Renewable  Alternative  Energy  Source 

1.  B 

2-  A 

3-  C  ,  ■■  . 
A. 

5.     C  '   '  . 

Investigating  Alcohol  as  Renewable  Alternative  Energy  Source 

1-  B 

2.  D 

3.  A  *■  ■  "  ■  , 
A-  B                                                                 •          ■  ' 

5-  C  ^  '  * 

Conserving  Energy  Using  Passive  Solar  Techniques 

1.  C    ^  .  . 

2-  A 

3.  D  ■ 

U.  B 


Examining  Solar  EDerg.y~Hot  Water  Systems 

1:,^.  B   '  

2-  A  "' 

3-  C  ■ 
A-  D 
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PRE-CHECK  KEY  (continued) 

ENERGY  CONSERVATION  THROUGH  THE  .SELECTION  AND  APPLICATION  OF 
RENEWABLE  ALTERSATIVE  SOURCES 


IP-6, 


Examining  Solar  Energy-Hot  Air  Systems 


  IP-7 . 


1, 

2,  B 

3,  C 

4,  A 


■Building  and  Installing  Solar  Devices 


1. 

3. 
.4-. 


A 
A 


ERJC 


137 


i  -'..r  1'. 


ENERGY  COlfSERVATION  THROUGH  THE  SELECTION  AND  APPLICATION  OF 

^  RENEWABtE  ALTERNATIVE  isOURCES 

t    ,     -     -        \   '  *  -  *t 

■4  - 

IP-1  Identifying  Alternative  Energy  Sources 

OBJECTIVES 

Upon  completion  of  this  instructional  package;  you  will  be  able  to: 

A,  Distinguish  betx^een  those  sources  of  energy  that  are  renewable *and  those 
*that  are  finite. 

B,  List  alternative*  sources  of  energy  and  write  a  synopsis  of  each, 
RESOURCES 

Before  you  begin  the  activity  for  this  learning  package^  review  the  re—  - 
sources  listed  belou. 

Books:  .  *  ■ 

Producing  Your  Own  Power.    Stoner,  C,H,  (ed).     Rodale  Press  Book  Div:  Einmaus 
PA    18049,  1974..  , 

Handbook'of  Homemade  Power.    The  Mother  Earth  News-    Bantam  Books:    New  York, 
NY    10019,  1974, 

Energy  Primer:    Solar,  Water,  Wind  S  Biofuels-    Merrill,  Richard,  et  al- 
Menlo  Park,  CA:    Portolo  Institute,  1974, 

Films:  .  /  , 

Challenge  of  the  Future.    DOE,  Oak  Ridge,  TN  , 
Energy:    The  American  Experience.    DOE,  Oak  Ridge,  TN  . 
Energy:    New  Sources,.    DOE,  Oak  Ridge,  TN 
Energy  for  the  Future.    DOE,  Oak  Ridge,  HJ 
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ACTIVITY  -  . 

A,  Review  the  instructional  resources  for  IP-l-  .  . 

B.  Prepare  a  list  of  alternative  energy  sources  and  synopsis  of  each.  Al 
determine  and  list  each  as  being  renewable  or  finite*. 

FEEDBACK 

Objective  A  Check; 

1,  H^ivp  you  reviewed  Che  resources  listed? 
Yes    No   

2.  Do  you  have  each  source  listed  as  either  renewable  or  finite? 
Yes    No    \  "  '  ^ 

Objective  B  Check:  "  ^ 

1,  Have  you.  reviewed  the  resources  listed? 
Yes,   Ho  

2.  Check  your  list  and  synopsis  with  the  list  of  alternative  energy  sourc 
in  appendix  IP-l-    You  should  have  85%  accuracy. 

85%  Accuracy    Yes    No   


139 


IP-1 


Renewable  Energy  Sources 


Biomass 

Ocean  Currents 

Ocean  Theniial  Electric  Conversion 
Solar 

Tidal  ^ 

'Waves 

Uind 

Hydro  Flower 

Peat 

Uood 


Finite  Energy  Sources 


Coal  Tar 

Coal  Li<3ue faction 
Fuel  Cells 
Geothermal 
Nuclear  ■ 
Oil  Shale 


ERIC 
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ENERGY.  CONSERVATION  THROUGH  THE  SELECTION  AND  APPLICATIOIS  OF 
RENEWABLE  ALTERNATIVE  SOURCES 


IP-2  Examining  Wopd  as  An  Alternative  Energy  Source 

^OBJECTIVES 

Upon  completion  of  this  instructional  package,  you  will  be  able  to; 

A-     Identify  the  characteristics  of  wood  burning  and  tbe  quantitative  measure 
of  heat  produced-  . 

B.     List  the  hazards  of  wood  burning  and  list  the  preventive  measures  for 
each.     Start  with  the  harvesting  of  wood  and  work  through  the  complete 
cycle, 

'C<     Investigate  tbe  economics  of  wood  to  determine  if  it  is  a  viable  source 
for  the  individual  and  commercial  applications. 

RESOURCES  .  . 

Review  the  learning  resources  listed  below  as  they  relate  to  wood! 
Booksj  " 


Heating  with  Wood.    Weeks,  S.A,  ,  J<P<  Lassoie,  and  L<D-  Baker,     Cornell . Uni-- 
versify;     Ithaca,  ,NY< 

Producing  Your  Own  Power,     Stoner,  C<H<   (ed)-     Rodale <Press"Book  Division; 
Emmaus,  PA    18049,  1974,  c 

Wood  Heat,    Agricultural  Extension  Service,    Horth  Carolina  State  University; 
RjTeigh,.HC,  1980, 

Fact  Sheets:  '      '    ;  .  ;^ 

SYNERGY:*    WOOD  FOR  HOME  USE,     Agricultrual  Extension- Service ,  North  Carolina 
State  University,  Raleigh,  NC  . 

SYNERGY:     INFORMATION  ON  WOOD  AS  A  FUEL,     Agricultural  Extension  Service, 
Horth  Carolina  State  University,  Raleigh,  NC, 

SYNERGYc    SELECTING  A  WOOD  STOVE,     Agricultural  Extension  Se^rvioe,  North  Caro 
lina  Stace  University, ^Raleigh,  HC,  .  *  * 

SYNERGY;'   FIREWOOD-MEAP'^REMENT  AND  HEAT  CONTENT,'   Agricultural  Extension  Ser- 
vice, North  Carolinii  State  University,  Raleigh,  HC,    t  2, 

SYNERGY:    WOOD  STOVE  INSTALLATION  AMD  SAFETY,    Agricultural  Extension  Service 
North  Carolina  State  University,  Raleigh,  NC,  ' '^^V 


ACTIVITY 


Prepare  a  table  of  woods  connnon  to  your  area.  Show  their  burn  character- 
istics and  the  BTU  rating  of  each  for^ seasoned  and  green  wood* 

Make  a  list  of  the  hazards  associated  with  wood  processing  and  the  burning 
of  wood-    Also  list. the  preventive  measures  for  each  hazard-  -  - 

Prepare  a  position  papei^showing  pertinent  data  for. your  situation  showing 
whether  or  not  wood  would  be  a  viable  -energy  source  for  you. 


FEEDBACK 


Objocti've  A  Chock: 


i.     Check  youi;  figures  against  those  in  SYHERGY;     FIREWOOD-MEASUREMENT  AND 
HEAT  CONTENT  located  in  the  appendix. 

Compared^  Yes  ■  No  


Objective  B  Check:  ''  \  * 

Check  your  list  of  hazards  and  preventive  measures  witl?  the  hazard  £nforma 
tion  provided ,  in  the  appendix  lP-:2.     .  . 

Compared    Yes    No   ^        .  ■ 

Objective  C  Check:  . 

1,     Compare  your  calculations  with  those  on  the  economics  of  wood  heat  found 
in  the  appendix.     ^  ' 

Favorable  Not  Favorable  ^ 
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FIREWOOD- MEASUREMENT  ANQ  HEAT  CONTENT 

*   Firewood  is  sold  manydiffererit  ways,  usually  by  the  cord*  face  cord  or  pickup  load.  The 'standard 
cord  is  the  only  legal  unit  of  measurement  tor  selling  firewood  in  North  Carolina. 

The  standard  cord'^s  a  ifo/£//ne  measurement.  It  is  128  cubic  feet -a  pile  of  wood  4feethi9h*8  feet 
:^cross,~with  the  individual  pieces  4  feet  long,  onits  equivalent  This  volume  includes  wood  and  air  ^ 
spaces.  *  ^ 

The  cubic  volume  of  any  pile  of  wood  can  be  determined  by  measuring  its  height^  the  lerigtti  of-the 
pile,  and  the  length  of  the  pieces, all  in  feet.  The  cubic  volumecan  then  bedivided  by  128  todetermlne 
how  many  standard  cords  the  pile  contains.  Example:  5  feet  high,  10  feet  long,  2  feet  wide  equals 
approximately  8/10  cord  (5  X  10  X  2  divided  by  128  =  ,78). 

■  *  ^  * 

'  Thevolumeof  actual  wood  ma  cord  depends  on  the  diameterof  the  pieces,  whetherthe  wood  issplit  . 
or  not,  how  straight  f^ie  individual  pieces  are  and  how  tightly  the  wood  is  stacked.  Large  diameter,  split  , 
logs  generally  contarn  more  volume  per  cord  than  small  diameter,  unsplit  wood. 

The  amount  of  heat  in  wood  is  determined  by  its  weight  and  /noisture  content  not  by  its  volume.  A 
cord  of  the  denser  species  of  wood  like  oak  and  hickory  weigh  more  and  have  a  higher  heat  content 
than  less-Kjense  species  like  white  pine  and  yellow  poptar  at  the  same  moisture  content  This  means 
equal  weights  of  different  species  of  wood  at  the  same  moisture  content  usually  have  similar  heat 
contents.  *  ,  ■  * 

When  wood  ts  burned  in  a  stove  or  fireplace,  heat  is  used  to  evaporate  water  from  the  wood  before 
heat  is  given  off.  This  is  why  dry  wood  produces  more  useable  heat  than  an  equal  volume  of  wet  wood 
of  the  same  species.  .  ^ 

The  heat  contents  of  some  of  the  common  wood  species  used  tor  firewood  in  Nortb  Carolina  are 
shown  in  TABLE  1 .     ■  , 

Prepared  by 

Richard  C,  Allison,  Extension  Forest  Resources  Specialist 


Published  by 

THE  NORTH  CAROUNA  AGRICULTURAL  EXTENSlOM  SERVICE 

North  caraJjna  State  UnJversrry  at  BaMigh,  North  Gardind  Agricultural  and  Tachnical  State  University  at  Greahsboro,  and  theU.  S. 
Debartment  of  Agriculture,  Cooperating.  State  University  Station,  Rate>9h,  N«  C.,  T,  c.  6l8lock,  Director.  Distributed  in  tunherance 
of  the  Acts  of  Cohgressof  May  6  and  June  30. 1914.  The  North  Carolina  Agricultural  Extension  Service  offers  its  programs  to  all 
altgible  persons  regardless  ot  race,  color,  or  national  ortgin^and  is  an  eqaaJ  opponunity  employer^   
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TABLE  1 

HEAT  Contents  of  some  common  wood  species  used  for  rrewood  in  north  carouna 


WOOD  SPECIES' 

Weignt  of  wood 
at  20%  moisture 
ocntont 

POUNDS /capr:^ 

^    Ave^  weight  of 
SOcu.ft.  dfsolid 
wood  at  20%  m,  c*' 
POUNDS 

Poss1t3le  recoverat>le 
heat  per  cord  of  80 
cu^  ft,  of  solid  vrood^ 
MILLIONS  OF  BTU^ 

,  AvaEtable  heat  per 
cordt>unieddt55% 
treating  erf tciency 

MILLIONS  OFBTU^^ 

Hickory 

46.4 

3712 

25.8 

 1  

.  14.2 

White  oak 

44,9 

3592 

24,9 

13.7 

RedOaK  Beech 

43.4 

3472 

24.1 

^  13.3 

Sugar  Maple.  Birch 

419 

3352 

23.3 

12.8  ;* 

Ash 

41.2 

3296 

*  *              I-  . 

22.8  , 

"  12.5 

SiasK  Longleaf 
Pine  . 

40.4 

3232 

20,4    ,    .  ' 

11.5  ^ 

Red  Maple 

36.7 

?936^ 

20.4 

11.2  J 

LoWolty. 
Shoftleaf  Pine 

^  35.2 

2816 

195 

10.7 

*  * 

Sweet  gum 

34,4 

2752 

19.1 

10.5  ^ 

Tupela  Elm 

.  34.4 

2752 

19,1 

10.5 

Sycamore 

34.4 

2752 

19,1 

10.5 

Virginia  Pine 

33,7 

2696 

18.7 

10.3 

* 

E  Red  Cedar 

32.9 

*  2632 

18.3 

:     'io:i  . 

Yellow  Poplar 

30.0 

2400 

16.6 

9.1  . 

E  White  Pine 

25.5 

;  2040 

14.1 

7,8 

'Species  ranked  from  highest  heat  content  to  lowest  ' 
'Computedfrom  specific  gravity  based  on  weight  when  ovendry  and  volume  greea 

^Thereare  approximately  80  .cubic'feet  of  soUd  wood  per  128  cubic-foot  standard  cord  '  , 

*Conversior>factors:   At 20  percent moisturecontentThereare8,600BTU'Sperpoundof dry  woodfiber,  ittakes 

1.400  BTU  S*to  evaporate  one  pound  of  water  fronj  wood  '  , 

*Modern  air-tight  woodstoves  are  capable  of  providing55  percent  of  the  heat  available  from  burning  wood  Some 

provtde*mor€;  some  less.  '  *  ^ 
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Working  Together  for  ^nergv  Tosnorrow 

WOOD  STOVE  INSTALLATION  AND  SAFETYi 


A^ove  all  else,  Stoves  should  be  installed  safely.    The  potential  fire  hazards  of  heating  vtdth 
wood  are  fires  started  by:  "    "  f     ^  *  - 

1,  Radiation  ffom  the  stove,  stovepipe  or  chixnney,  / 
Z,    Sparks  and  glowing  coals  escaping  from  the  stove^ 

3,  Flames  escaping  fro^n  a  faulty  chimney,  ^  . 

4,  Conduction  of  heat  from  chimney  into  combustible  material* 

5,  Burning  or  glowing  material  escaping  from  top  of  chimney- 
To  prevent  fare  hsizards  the  I^ational  Fire  Protection  Association  (NFPA)  has  formulated  install 

ation  standards  for  wood  stoves:^ 

Walls  and  Ceilings 

The  following  are  minimum  clearances  from  combustible  walls  and  ceilings  for  free-standing 
stoves. 

Size  of 
Stovepi^ 


Unprotected  .  '  56"  12'^  '  18' 

1/4^*  asbestos  millboard  36"  12"  18' 


Radiant 

Circulating 

Stove 

Stove  r 

ri 

56" 

36" 

12" 

18" 

6^^ 

18'^ 

6'* 

12" 

4" 

12" 

4" 

,1/4^*  asbestos  miUboard  spaced  out  1"  18"  6^^  12' 

28-guage  sheet  metal  on  1/4^*  asbestos 

miUboard  18"  6'*  12' 

28-guage  sheet  metal  spaced  out  1"  12"  4"  9' 

*         2S-guage  sheet  metal  on  1/8"  asbestos 

millboard  spaced  out  1" 

Floj>r_s  J 
Standards  to  Protect  Floors  from  Radiant  Heat  and  Burning  Material 
\*    Never  place  a  stove  on  an  unprotected  combustible  surface* 

2.  Place  stov<^  on  sturdy  non-combustible  floor  that  extends  at  least  18  inches  beyond  the  stove 
on  the  sides  with  doors  or  other  potential  openings. 

3.  Suitttble  m.iterials  are  Z4-^uage  or  thicker  sheet  metal,  1  /4-inch  or  thicker  asbestos  mill- 
board covered  with  24-guage  sheet  metal^  mortared  bricks  or  stone,  Ccmcrete,  etc.  Floor 
shields  Can  be  bought  rea4y  made,  or  they  can  be  custom  madje*  .  _  ^ 

*Chimnev  Connector  (Stovepipe  From  Stove  to  Chimney) 
Standards  for  Fire  Safety  and  Draft  .  ^  ^ 

\ 

1-    Steel  stovepipe  should  be  at^east  24-guage,  ^ 

2.  Secure  each  stovepipe,  joint  with  a  minimum  pf  three  sheet  metal  screws^ 

3.  Stovepipe  spans  longer  than  6  feet  should  be  provided  with  outside  mechaju^cal  support, 

4.  Stovepipe  should  be  accessible,  ^ 

*    S.    Stovepipe  should  be  made  physically  secure  to  chimney.    (Use  high  temperature  cement,) 
.  6,  ^  Stovepipe  should  penetrate  through  to  inner  sur&ce  of  masonry  wall,  but  not  into  flue  space 


7*    CI«aranc«  b«tw««n  stovepipe  and  combustible  surface  must  be  at  least  18  inches* 
8+    Stovepipe '.must  not  pasa  tHrough  a  ceiling.  ""'^ 
9*    If  stovepifie  passes  through  a  wall,  it  must  be  protected  in  one  of  the  follo^ving  ways: 

'    a*    A  metal  ventilated  thimble  is  used  where  diameter  is  at  least  12  inches  larger  than 

the  stovepipe's  diameter^  giving  at  least  6  inches  of  v^tilatedr  metal^lined  clearance 
around  the  pipe* 

^  b+    A  metal  or  burned  fireclay  thimble  is  used  and  is  surrounded  by  iireproofing  materials 

^(such  as  brickwork)  extending  at  least  8  inches  beyond  the  thimble* 
c*    Uo  thimble  is  used  and  no  combustible  material  is  within  18  inches  of  the  pip€+  The 
hole  may  be  closed  in  or  covered  with  jn on -combustible  materials  such  as  masonry* 
asbestos  millboard  or  sheet  metal*  -  ^ 

10<    Diameter  of  stovepipe  should  be  no  smaller  than  the  stove's  pipe  ^collar,  diameter  to  assure 
adequate  draft* 

1 1<    Xhe  stovepipe  should  be  no  longer  than  three-fourths  the  height  of  chimney  from  flue  collar 

to  top*  '  -  '  \ 

12*.  Xhe  horizontal  distance  of  stovepipe  should  sloDt  up  towards  chimney  1/4  inch  per  foot, 
13-    Stovepipe  should  be  limited  to  two  90-degree  turns, ' 

14,    Sections  of  stovepipe  ^should  be  placed  into  pipe  below  it  to  prevent  creosote  or  condensate 
.  ^     from  leaking  to  outside. 

'  .Chimne'y^  , 

Chimney  Standards  for  Wood  Stoves  .    .  ^ 

1+    Factory  built  metal  chimneys  should  be  designed  for  wood  fuel«  .(''class  A"  chimneys)* 
2*    Masonry  chimneys  should  have  fireclay  flue  linejs^- 

3+    Stovepipe  should  not  be  connected  to  a  flue  that  serves  a  ^replace  unles^s  the  fireplace  or  its 

flue  are  sealed*    {Do^  not  connect  two  or  mo  re*  appliances  to  the  same  flue* )  ^ 
4*    Chimneys  should  terminate  at  least  3  feet  above  the.  roof  where  they  penetrate  through  it,  and 
at  least  2  feet  higher  than  any  part  of  the  roof  within  10  horizontal  feet-  * 
.  5+    ChimDeys  should  be  inspected  for  leaks  and  excessive  creosote  build-up+ 

Additional  Precautions  '  ; 

.  In  addition  to  the  previously  listed  standards,  the  following  precautions  should  be  taken: 
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1<    Use  a  spark  arresting  screen  (l-inch  meshj  on  top  of  chimney  (Keep  screen  clean, ) 
Use  smoke  detectors  around  wood  burning  stoves  as  well  as  in  sleeping  areas. 

3.  Keep  a  water  hose  or  hand-operated  sprayer  dose  by  for  safety* 

4.  Check  with  your  insurance  company  to  make  sure  policy  covers  use  of  wood  stoves, 

5.  Inspect  and  dean  stove  periodically* 

6-  Locate  fumilnire  away  from  stove  area«  ^ 

7-  Store  wood  a  safe  distance  from  stove* 

3.    Store  ashes  in  non- combustible  container  or  location* 

9*    Never  use  gasoline  or  other  highly  flammable  liquids  to  start  fire,. 

Never  allow  complacency  to^create  carelessness*    Carelessness  can  cause  your  home  t<^bum* 


Prepared  by  Housing  &  House  Furnishings  Department 

*■ 
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ENERGY  CONSERVATION  THROUGH  THE  SELECTION  AND  APPLICATION  OF 
RENEWABLE  ALTERNATIVE  SOURCES 

IP-3         Investigating  Alcohol  as^  Re^newable  Alternative  Energy  Source 

OBJECTIVES  .  ^ 

Upon  completion  of. this  instructional  package,  you  will  be  able  to:' 

A-    Itetermine  the  feasibility  of  using, alcohol  as  a  fuel  from  the  standpoint 
of  economic  feasibility,  hardware  adaptability,  and  raw  material  supply* 

B-    Produce  fuel  grade  alcohol. 

C-    Produce  gasohol. 

RESOURCES  ^ 

Fact  Sheets:  '      ^  ' 

The  Energy  Consumer:    Alcohol  Fuels.    DOE,  January  1980, 

SYI^RfeY:     QUESTIONS  AND  ANSWERS  AEOtJT  ALCOHOL  AS  A  FUEL.     Agricultural  Exten 
sion  Service.    North  Carolina  State  University,  Raleigh, .HC. 

Video  Tape: 

Alcohol           Brooks  Whitehurst,    North  Carolina  State  University,  Industrial 

Arts  Education,  DOE  Workshop,  1981. 

Xnformatioo  Sheet:  Alcohol  Fuels  lP-3,1-5 
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ACTIVITY  ^  i 

A-     Construct  an  operating  packed -column  distiller  (See  Appendix  IP-3-"1h6),* 
♦    ^  '  -    ;      ■  \ 

B,  Perform  the  stripping  process  ar,d  refine  fuel  grade  alcohol. 

*  '         -  <■ 

C,  Using  the  plate  distiller  proy^dedj  refine  anhydrous  alcohol  by  azetrophic 

distillation.  \  ^ 

D,  Produce  gasohol,  .  ^  . 

,  FEEDBACK  ■  .  ,     ^  '  , 

Objective  A  Check:  ^       .   .  '      ^        "  ^ 

1.     Present  your  feasibility  study  to  your  instructor  for  approval* 


Instructor  Approval  .      .  ' 

Objective  B  Check: 

1,     Quote  the'"  quantitative  amount  "of  fuel  grade  alcohol  you  were  able  to  produce^ 


2-     Did  the  engine  provided  run  on  youralcohol  fuel? 

Yes  No  .  \,  " 


Objective  C  Check:  .       ^  .  "  - 

1,     Quote  the  quantitative'^amounc  of  anhydrous  alcohol  you  produced. 


2-     Was  there  any  evidence  of  water  in  your  gasohol  as  shown  by  the  separation 
of  water  due  to  its* higher  specif ic*gravity  and  sinking  to  the  bottom?  ^ 

Yes  No  -         ,      *  -  / 
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BUIIX)  A  STin,  (PEDEHAL  P^HMIT  "REQUIRED)    


EQUIPMENT  NEEDED 


1  TESTTUBE 
1  BEAKER 

1  CORK  FOR  THE  TESTTU3E 
1  L  -  SHAPED.  GLASS  TUBE 
1  COLLECTION  .CONTAINER 
MASH  SOLUTION 
CONVERSION  ENZYMES 
YEAST 


PROCEDURES  ^ 


1,     PREPARE  MASH  ACCORDING  TO  RECIPES  bN-ATTATCHED  PAGE, 

2.,   PEEHSHT  YOUR  SOLUTION  ACCORDING  TO  THE  INSTRUCTIONS  ON  THE 

<^  .  .        *     ■  ■  . 

ATTATCHED  PAGES,    AFTER  3-5  DAYS  STRAIN  THE  LIQUID  AND. 

PLACE  IN  THE  DISTILLATION  TESTTUBE, 

3,     DISTILL  THE  LIQUID' BY  PLACING  THE  DISTILLATION- TESTTUBE 
IN  A  BEAKER  3/4  PULL  OP  WATER,.    BEAT  THE  WATER  TO  l800p, 

COLLECT  THE  DROPLETS  SJERGING  ?B0JrTHE^GLaSS"  TU3E-- Ef-THE   ~— - 

COLLECTION  CONTAINER.  THIS  IS  •ET,HANOL,  AN  ALCOHOL  FUEL. 


IP- 3^  1 


FERMKSTATIOK 


Fcrrornt;it  f4>n  is  thLvpro4  L*ss  tlMt  t;i:crs  place  vlicr*  vt*:i5t.   (a  pliinr- Hie* 


>tr*>wtli')  Is  i;rown  in  .1  ♦;»iv.'*r^wat*;r  Jiolntion. 
suf^ar  -  watt-r    rtiey  nsi*  tUt^  m^zit  for  food 

alc<)liol-w;rtt>r  <st?luc:on  lor  distillation^ 


Wlion  yi'ast  plants  <irr  i:niwn  in 
;ind  give  off  alcohol  and  carbtm 
Is  released  ass  a  >;^s,  le^vln^  .tu 

Adding  ycajiC  Co  sugar-w^ccr  (the 


Ft:rmenLnr  l<Sn        ,t  v^^-ry  siriple  procoss^  .  . 

reKiilt  of  conversion  which  is  t:;pialned  below)  be><lns  Che  process  which  cotupieies 
in,  ^  CO  3  days.'  Since  carbon  dioxide  ii:x^  is  i^iven  off  while  yeast  are  growing, 
you  can  tell  ttiat  the  process  has  been  completed  when  carbon  dioxide  stop^ 
bubbling  nff.    Because  carbon  dioxide  gaj;  can  build  up  pressure  during  fennencatlon, 
you  «hould  not  cover  your  f ercentatlnn  tl(ihtly<     A  loose  covering  of  plastic  wrap 
or  a  rermentat  i(»n  h>ck<  available  In  wine-maker  shop*;,  is  sufficient.  Do_notj_ 
however,  lo^ivc  the  t ertgencation  open  xo  the  air.    Wild  yea^t  could  gee  Into  the 
contalnerT'cau^sTn^^  unplea«anL  odors,  ^inrd-lTiilt  flies  which  get  into  an  uvovered 
fermentation  tank  can  cause  it  to  turn  to  j^lnegar-    Vinegar  makes  a  poor  fuel* 

Yeast  plants  die  In  cheir  own  waste  when^the  concentration  of  alcohol 
in  the  liquid  reaches  between  13  and  20  percent,  dependlBg  on  the  type  of 

"yeast  you  use* — ihe  ytast  Supplied  wit:h"ybur  kit  is  desl-gned-w-haver^-hlgh  ■— 

resistance  to  alcohol  and  works  very  welU    Ycasc  may  die.  early»  however. 
If  Che  yeaift  hBH  been  stored  too  lonj?  or  If  the  temperature  of  the  fermen- 
tation Is  allowed  to  drop  below  20  Degrees  F*    You  can  determine  whether  or 
not  the  ferOTontaclbn  has  reached  it's  maximum  potential  by  using  your  small 
hydrometer^  - 

Before  adding  yeast  to  che  sugar-water,  use  the  small  hydrometer  to  test 
a  scmplo.    The  small  hydrometer  Is  calibrated  to  read  the  potential  alcohol 
that  will"resulc  from  the  fermentation  of  your  sugar-water.    Record  che  read 
Ing*    When  yonr  fermentation  stops,  take  another  reading*    You  will  then  be 
able  to  tell  whether  the  fermentation  reached  maximum  potential.    For  Instance: 
If  your  first  reading  was  m,  that  would  mean-that  the  final  result  of  a 
coiDplete  fermentation  vouid  yield  If^Z  alcohol.    If  your  reading  after  fe™enta 
tlon  stops  is  52,  then  the  fermentation  stopped  with  only  a  13X  (ISZ-SX  ■  13%> 
density  of  alcohol  having  been  achieved  in  your  mash*    You  would  then  re-start 
the  fermentation  by  adaing  more  yeast.  .  If,  on  the  other  hand,  the  second  reading 
Is  0%,  then  you  have  achieved  a  total  conversion  of  sugar  to  alcohol. 

The  step-by-step  instructions  for  making  a  good  mash  are  explained  In 
the  section  on  mash  methods    but  remember  chat  this  is  a  process  that  Is  . 
learned  by  doing*    In  a  way.  It  Is  an  art,  and  you  must  work  with  the  process 
to  become  proficient.    We  advise  that  you  begin  with  saiall  fermentations, 
and  work  up  to  30  or  50  gallon  capacities  over  a  period  of  time  as  you  learn. 
Once  you  reach  this  stage,  you  can  put  down  large  quantity  mashes    and  process 
the  results  In  5  gallon  batches  through  your  still  on  the  weel*CTd, 
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CONVERSION  .  " 

la  order  for  veast  to  ferment,  the  yeasc  plane  needs  a  simple  sugar 
feed  on.    The  natru'rallv  occurine  suga-rs  such  as  suRarcaneaad  frulc  sugars  ^ 
are  ideal  for  chis  purpose.     In  countries  where  there  are  large  domestic  supp- 
lies of  cane  sugar.  maVinR  fuel  alcohol  Is  ^ij^lei  the  sugar  from  the  caae  is 
mixed,  with  wator  and  fermented-     Distillation  produces,  ruel  J^rs  ve 

North. America  where  there  is  no   large   supply  of  naturally  occuring  sugars,  ve  ^ 

taXe  one  additional  step.    Tnis  .^"^^^^  j;;%Sryeaft°;i^«"Ll' for'"" 
plelt  form  of  sugar,  into-  the  simple  sugars  which  Che  >east  pxau 

growth. 

«e  -nl..  an  abu.da.ee  o/  starch  ia  t.e  of  a^higy  ^^f" 

culture.    Potatoes,  corn,  r^r..  a.d  a  vholP  host  of  ^""^^          '  ,i„  -^-T.u 
high  in  stZ^.  ccnteiu.    Conversion  is  the  process  ot  """^ 
from  tbese  plants   .a>id  converting  the  starch  to  eiaple  sugar. 

Extracting  the  starch  is  very  simple-  "^//^J^^'^^.^fr^^SrrperLd 
-mill)  the  f-lant  material,  mix  it  with  water    and  apply  _  ^^ter, 

of  tine.    You.  J.  this  bvery  tin*,  you^boil  ^ 
or  "pot  likker,"  vou  pour  down  the  drain  is  mil  0*  starcn, 

enzymes  ar^  a  very  powerful  bacteria- like  ^'^'^^^^^'^J^^  ^^^n^s  inexpensively 
«ry  quickly  and  completely.    We  are  able  Co  P^°du«^ChMe    ^  ^^^^^^ 
m  the  laboratory    and,  we  can  a«  them  to  convert  starch^to^s^g^^^^^ 

of  fermentation.    Th^  use  of  enzvinea  makes  ilrohol  as  a  tuex  k  

country.  *  *  * 

'       rf  aiTifflv  larse  quantiry 
A  very  small  quantity  of  enzymes  converts  a  ^^^^^J^jJ^^  ^n  mash 
of  starch  to  sugar-    The  exact  amounts  are  S^ven  in  the  ^^^r- 
«thods.    While  learning  the  process,  however,  you  ^yj^^^  ^  fermen-  . 

•ion  of  «arch  to  sugar  by  "^i^^S/able  .su^r  with  water  do       ^^^^  ^^^^^ 
tatlon.    Tl-.is  is  not  an  economical  way  ta  UarTche  process..  (Sote: 

of  about  5  . gallons  in  this  way  is  a  very  Sood  way  to^leam  ^  stills) 
mzymes  and  yeast  may  be  purchased  trom  your  local  dealer  or  ^  ^ 


MASH  KETHODS  .  

Method  91 

•  •  -I  4«  nature  and  is  used  to  cake  advan- 

-Thla  first  method  is  very  general  i^jiature  _  chrows  sway 

each  day.    No  exact  quantities  are  given.  .  lou  ^ 

«  M«n*t  foraet  to  include  any  "poc 
1.    collect  starchy  vegetable  leftovers  J^^^^^         anything  else  con- 

likker>')  and  any  leftover  fruits  0^.^-^^%^,^^' '-^k  ^c  an  arrangeneac 
talnlng  s^gar  or  search.    You  may  -^l^l^^/^iJ  vegetables  that  are-going 
with  the  local  grocery  store  to  buy  f ruits .a«a  vege 
bad  for  a  reduced  price.  . 
„asb  up  theJe  fruits  and  vegetables. ,  adding  enough  ^^e^  co^g^^^ 

— ^nonpy-conslscancy^^dda/4  teaspoon  of  Victory   ^  ,  

gallons  of  your  mash  and  stir. 
3.    Heac  cha  ..ash  ,aic.ly  to  tha  bilUag  Point    and  boll  for  30  .laucaa.  . 
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C^diIqI  i:,  J  mixture  oj"  10%' anhydrous  al<:ohol  and  902  gasoline.    Since  - 
-anhydrous  means*  aicuimi  withouc  iiuy  waccr  concenc*  l.e/:  200  proof »  and  since 
your.-scill  vUi  t.oc  protlace  200  proof  alcohol^  we  musc-Tise  ocher  jneans  to  ^ 
rem^e  chc  sm^ll  amount  or  remaining  wacer  from  your  alcohol*    A  sclll  will 
not  do  ziic  ]tjb  bvcau?«»i        the  email  amounc  of  chetatcal  bonding  diac  occur* 
between  rrltiuhol  and  water,    A  st-ill  separates  cwo  ilquldii  due  co  a  difference 
In  their  boiling  cemp*»racores.    Generally.  aUohol  bolls  at  a  muth  lower 
ceiBperature  than  water,  but  when  we  reach      very  high  proof,  the  formation  of 
the  chemical  bonds  makes  che  itqbiC^  boll  at^che  same  cemperature*  chua  ruling 
ouc  Che  still  as*  the  taeans  of  fucher  separation.  ^ 

-     It  Is  neceaisarv  to  remove  the  wacer  frosi  the  alcohol.    Gasoline  can  cause 
alcohol  to  lose  thi;  remaining  water,  under  certain  conditions  o;  temperature 
andj  since  W^er  has  a  higher  specific  gravity  than  either  alcohol  or  gasoline. 
It  will  sink  to  Che  bottom.    The  f;as  tank  of  your  car  will  always  have  some 
water  In  It  due  to  condensation^  but  we  do  not  want  to.  Increase  the  problem 
by  using  an  Improper  gasohol  mixture.  -Water  In  your  tank  can  cause  your  car  to 
cut  off  if,  it  getsf  Into  the  fuel.llneSj  which*  while  it^'will  not  harm  your  car* 
■  can  be~very  inconvlent.  "  '      ^  ■ 


In  order  to  remove  the  water  from  the  alcohol*  we  can  use  one  .'of .  several 
aechods.    Ctertaln  chemicals  can  be  added  in  the  distillation  process  to  prevent 
alcohol^ and  water  from  forming  chemical  bonds.    Another  method  Is  to  add  a 
chemical  (sodiom  hydroxide)   to  the  alcohol  after  it  is  produced  to  absorb  the  . 
water  so  that  it  will  not  cause  a  problem.    Since  sodium  nydroxide  is  inexpen- 
sive and^^feadily  available*  you  may  wish  to  use  this  method.    Another  method 
which  works  (though  we  admit  it  is  somewhat  primitive)  is  to  slaply  mix  your 
.alcohol  in  a  container  with  , gasoline.    Since  the  gasoline  will  cause  the  water 
To  separate  and  fall  to  the  bottom  of  the  container*  it  can  be  siphoned  from 
the  bottom  of  the  container.    You  would  then  pour  the  alcohol  «d  the  gasoline 
aixtttre  into  your  tank.  ^ 

Ifhlle  this  method  would  be  impractical  on  a  commercial  scale*  It  works 
-^ulte  well  in  the  quantities  we  are  dealing  with* 

.  One^questlon  about  this  method  remains*    How- do' you  know  if  you  have  ^ 
renove^enoufth  .water?    It  is  really  very  simple  to  calculate.  . 

When  you  measure  the  proof  of  your:  alcotiol*  you  learn  what  percentage  is 
vater^    Once  you  remove  close  to  this  amount*  it  is  safe  to  pour  in  your  tank. 
AS  an  example:    If  you  have  a  gallon  of  190  proof  aleohol*  then  we  know  that  it 

is  95t  alcohol  (divide  proof  by  2)    ,-ind,  the  rt^malnlnR  5!!       water.    A  «.^ll^>n 
.^  contains  128  ounc^is^*  so  once  wJ  have  removed  closr  to         uunces  ot  wat*-r  ^ 
"(1'28  X  S2>  the  mixture  cm  then  he  pour*-d  inia  vc^tir  t.ink. 
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Add  another  1/A  teaspoon  per  five  f^allons  ot  isash*  and  allow  it  to  stand  for  ^ 
10-15  Dinuce^. 


5*    This  completes  you  conversion  of  starch  to  sugar*    You  may  test  for  coch- 
plete  conversion  ac  this  point. with  ordinary  household  iodine*    Take  a 
small  qitanticy  of  your  mash  and  add  a  drop  of  iodine*    If  the  color  of  the 
sample  turns  pink,  then  the  conversion  is  complete*    If  the  color  of  the 
san^le  turns  blue  or  purple,  cUen  you  have  not  converted  all  the  starch  to 
sugars    In  this  instance,  yo^^should  add  more  enzyme  and  boil  the  ma^h  again. 

h.     r.iur  y*-Mr  nuisii  into  a  f vrrrontation  tank       snail  trash  can  is  Ideal),  Test 
with  vour  small  hydro„ieter.  as  explained,  and  record  the  reading;    If  the 
r*'(-!in>;  {s  above  15:^  ro  then  aud  enough  water  to  ^^ing  the  reading 

iUiwn  to  rhe^;tr  loveLs* 

AilJ  l/A  tefli;poon  of  v'ictury  Enzyme  TT  for  each  ^Ive  gallons  of  mash.  This 
^^nzymc  conrains  ycasr  ntitriants  (much  lik^  fert^ilizer  for  plants)  and  some 
t^ltzU:  aviJ  to  adjust  t!ie  acidity  for  besr  yeast  action* 

You  new  ;id(i  vour  yeasc.    Tlie  mash  tofnper^iror*i  should  be  between  70  and 
VO  tit.'^ro.:s         whon  the  yo:\st  l:i  added    and  should  be  kept  in  this  ranc^^ 
i^iiln^:  tjto  I'litire  fermentation  periods    Since  yeast  are  plants,  they  will 
c:u:titU>  a.^  they  grow.    >rix  1/2  teaspoon  of  yeasjt  with  a  small  quantity  of 
^arm  wat*/r  for  each  flvt*  gallons    and  put  the  disf>olved  yeast  into  your 
ma  ih*  *  '  ' 

^.     After  3  to  3  days,  your  fermentation  will  be  complete.     Strain  .the Hquld 
(wi*5h>-and  pUce  it  into  your  Victory  f>till  distillation  kettle*  Follow 
the  d7 sc  1 1  Kition  directions  to  extract  your  fuel  alcohol* 

Method 

Thlii        an  exact  measurement  method    based  on  a  bushel  of  com*  You 
may  incrt^a^ie  or  decrease  the  qttantities  as  long  as  you  keep  the  same  porpor-" 
tlons,  ' 

1.  Start:  with  one  bushel  of  veil  milled  com  (com  meal)*    A  bushel  of  com 
i^hen  milled  eqttnls  34  pounds  of  com'meal* 

2,  Add  .iO  gallons, ot  water*  ^  * 
Follow  tht£  directions  given  under  method  #1»  starting  with  number  2* 
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ENERGY  CONSERVATION  THROUGH  THE  SELECTION  AND  APBLICAXION  OF 
^     *         RENEWABLE  ALTpRNAXIVE  SOURCES 

IP-4  Conserving  Energy  Using  Passive  Solar  Techniques 

OBJECTIVES  ^ 

Upon  completion  of  this  instructional  package,  you  will  be  .able  to: 

A*      Determine  how  much" solar  energy  is  available  for  our  utilization* 

^  B*      Discover  ways  this  available  energy  can  be  used  without  applying  active 
energy  to  it, 

RESOURCES 

'  Books;-  .  ^  ' 

The  Passive  Solar  Energy  Book.    Mazria,  Edward-    Rodale  Press-Book  Div. ; 
Emma-US*  PA    18049,  1977-    '  '  ' 

.  '    Passive  Solar  Design  Handbook*  Volumes  1  and  2,    DOE^  1980- 

Films; 

Solar  Design-     HUD -  ^  *  . 

The  Solar  Builders-  HUD- 


ACTIVITY 

A-    Rc^id^/Units  1  through  4  from  The  Passive  Solar  Energy  Book, 

B<     Perform  any  two  of  the  following  classroom  activities  from  Solar  Energy 
/ 'Experiments :    C,  D,  and  E*  ,  — ^ 

C*    Complete- experiments  10  and  11  from  Solar  Energy  Experiments* 
FEEDBACK 

Objective  A  ChecU:  ,  . 

1-    Present  your  calculiations  to  your  instructor*  for  approv*il** 


Instructor's  Approval 

Objective  B  Check: 

1-  Have  you*^  completed  classroom  activity  C?  ^ 
Yes    No   

2-  '  Have  you  completed  classroom  activity  D? 

Yes    No    ^ 

3-  Have  you  completed  classroom  activity  E? 
Yes  .   No   

4-  Have  you  completed  experiment  10? 
Yes   ,  No  ^ 

5-  Have  you  completed  experiment  11? 

Yes  No  ^ 
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eNCRGY  CONSERVATION  THROUGH  TOE  SCLeCTIOM  AND  APPLICATION  OF 
RENEWABLE  ALTERNATIVE  SOURCES         *  ' 


IP-5  .Examining  Solar  Energy-ljot  Water  Systems 

OBJECTIVES  *  '  . 

Upon  completion  of  this  instructional  paclCage,  you'will  be  able  to; 
Ap       Discover  ways  hot  water  can  absorb,  store,  and  transfer  solar  energy 

RESOURCES 
Books: 

The  Passivt'  Solar  ^Energy  Book.     Mazria,  1979- 

Active  Solar  Heating  and  Cooling-     Solar  Energy  Research  Institute,  DOE- 

Factsheec:  •  *  ' 

Energy  Storage  Technology-     Solar  Factsheet DOE- 
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ENERGY  CONSERVATION  THROUGH  THE  SELECTION,  AND  APPLICATION  OF 
RENEWABLE  ALTERNATIVE  SOURCES 


Examining  Solar  Energy-Hot  Air  Systems 


OBJECTIVES 


i  Upon  completion  of  this  instructional  package,  you  will  be  able  to 
A,-    Discover  ways  that  air  can.absorb^  ^stpre^  and  transfer  energy- 


RESOURCES 
Books : 

Sol^r  Energy  Experiments.     Norton »  1978/* 

The  Passive  Solar  Energy  Book-    Mazriaj  1980. 

Producing  Your  Own  Power-    Stoner »  1980 

Harness  the  Sun, ^  KeyeSj  John,    Cone stoga  Graphics  Publication:    Denver »  CO* 
1974- 

Active  Solar  Heating  and  Cooling-     Seri>  DOE- 
Fact sheet: 

Energy  Storage  Technology,    Solar  Fact|sheetj  DOE, 
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ACTIVITY 

A.       Complete  experiment  16  in  Solar  Energy  Experiments. 

w  ,  ' 

FEEDBACK  ^ 
Objective  A  Check:  - 

K       Prese^Tit  the  results  of  experiment  16  to  your  instructor  for  approval 


Instructor's  Approval 


2.       Submit  your  completed  plans  for  the  solar  device  to  your  instructor 
for  approval . 


Instructor's  Approval 
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ENERGY  CONSERVATION  THROUGH  THE  SELECTION  AND  APPLICATION  OF 
RENEWABLE  ALTERNATIVE  SOURCES 


IP-7 .  Building  and  Inscalling  Solar  Devices 

OBJECTIVES  '  *  ,  '  . 

Upon  completion  of  this  instructional  package,  you  will  be  able  to: 

A.  *  Demonstrate  a  knowledge  of  solar  design  and  construction. 

B.  Demonstrate  basic  skills  associated  with  solar  Energy  construction. 

C.  Make  calculations  related  to  the  solar  energy. application- 


RESOURCES  \  ^  ■  , 

Books: 

The  Passive  Solar  .Energy  Book,  Mazria. 

Build  It  Book  of  Solar  Heating  Pr-oje^ts-  Foster.^ 

*  '  ' 

v    -        -  #  .  ^ 

Solar  Hot  Water  and  Your  Home,  National  Solar  Heating  and  Cooling  Center 
The  Solar  Energy  Noteoook,  ,Wilson- 

Pass  ive  $olar  Design  Handbook^  Volumes  1  and  2 ,  DOE^ 

Harnessing  The  Sun.  Keys- 

Solar  Energy  Experiments.    Norton-  1978. 

Magazines :  .       ^ " 

Mechanics  Illustrated-  Juntr  1978. 
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ACTIVITY 

A-      Design^  construct,  and  ev^lu^te  a  working  solar  hot  air  or  hot  watt?r 
collector.  ^ 


FEEEACK 

Objective  A  Check: 

I-       Pi^sent  your  design  of  a  solar  device  to  your  instructor  for  a  critique 
and  modify  where  needed, 

Modifications  Made:    Yes    No  ^   ^  . 

Objective  B  Checks 


1,       Have -you  completed 'your  solar  device  according  to  your  specifications? 
Yes    No  "  

2-      Have  your  instructor  examine  your  solar  device  for  craftsmanship-  • 

Excellent    Good    Fair'  Poor   , 

Objective  C  Check: 

1.    *  Does  ,your  solar  device  work? 

Yes   ^  No   

2-     -.Submit  your  calculations  and  evaluation  of  your  .device  c'o  your  instructor, 
for  final  approval. 

Approved:     Yes    No       '  v 
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POST-CHECK 

ENERGY  CONSERVATION  THROUGH  THE  SELECTION  AND  APPLICATION  OF 
RENEWABLE  ALTERNATIVE  SOURCES 


Directions:        If  the  statement  is  true,  circli?  the  letter  "T, "    If  Che  state^ 
ment  is  false ,  circle  the  letter  "F," 

T    F    I,     The  energy  in  wind  is  renewable,  ^ 

T.  F  "2-     Nuclear  energy  is  an  alternative  source  of  energy,  ^ 

T    F    3.     Alcohol  is  a  relatively  new  source  of  energy  that  tristorically  has 
never  been  used  before, 

T    F    4,     OTEC  stands  for  Ocean  Thermal  Electric  Conversion, 

T    F    5,     Biomass  is  plant  material  in  any  form  from  algae  to  wood. 


T    F    6,     This  is  the  first  time  in  the  history  of  man  that  he  has  had  to  seek 
alternative  energy  sources, 

T    F    7,     6il  shale  is  a  renewable ^ energy  source, 

T*  F    8,     A  renev^able  energy  source  is  one  whose  replacement  rate  equals  or 
surpasses  itsconsumption  rate, 

T    F    9,  ■  Coal  liquef iaction  is  a  natural  process  occurring  in  nature  so  tio 
energy  has  to  be  expended  to  accomplish  the  process, 

T    F  10,     Energy  from  the  geothermal  process  is  theoretical  and  probably  will 
not  be  utilized  in  the  near  future  because  of  its  many  complications, 

T    F  11,     Wood  is  sold  in  a  volume^of  128  cubic  feet  which  is  called  a  cord, 

T    F  12,     About  80%  of  the  accidents  in  the  woods  involved  with  wood  harvest- 
ing result  from  unsafe  working,  habits  and  only  20%  from  unsafe 
conditions. 

T    F  13,     Felling  a  tree  is  the  process  of  cutting  it  into  lengths, 

\    J  r  S  .  " 

*  r 

T    F  14,     Booking  a  tree  is  the  process  of  relieving^  tension  on  a, downed  tree 
,    supported  at  two  points, 

T    F  15.     Stoves  should  be  .placed  at  least  36"  away  from  combustible  materials. 
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POST-CHECK  (Continued) 

ENERGY  CONSERVATION  THROUGH  THE  SELECTION  AND  APPLICATION  OF 
RENEWABLE  ALTERNATIVE  SOURCES 


Wood  yields  its  highest  BTU  rating  when  green, 
A    am  pen  is  not  needed  with  wood  stoves. 
Creosote  formation  increase  with  cottier  surfaces. 

Flue  fires  are  more  likely  to  start  when  you  have  a  very  hot  fire  \ 
in  your  heater. 

Wood  fireplaces  are  more  efficient  than  wood  stoves. 

The  purpose  of  a  chimney  is  to  carry  hot  gases  away  from  the  fire 
and  to  create  a  draft,  thus  biringing  air  into  the  fire. 

The  total  leiigth  of  a  stovepipe  should  be  less  than  10  feet. 

Where  masonry  chimneys  are  not  available  or  practical,  a  UL  approved 
ALL  FLUE  metal  chimney  can  be  used. 

The  ,*;tovepipe  may  be  redused  between  the  stove  and  the  chimney  flue* 

The  sti>vepipe  may  enter  the  flue  at  a  point  that  is  lower  than  the 
outlet  of  the  stovebox. 

Fermentation  is  the  process  that  takes  ^l^ee  when  yeast  is  grown  in 
a  sugar-water  solution. 

Conversion  is,  the  process  of  exracting  the  starch  from  plants  and 
converting  the^  starch  to  simple  sugar,  -  -  \ 

A  still  separates  two  liquids  due | to  a  difference  in  their  boiling 
point, 

GasohoV  isa  mixture  of  20%  alcohol  and  80%  ga5oline, 
Lsopropcl  alcohol  is  a  fuel  grade,  alcohol , 
^!ethaaol  is  made  from  wood",  coal,  and  natural  gas, 
"Proof"  is  a  term  used  to  describe  alcohol  taste. 

Compression  ratios  atid  fuel  air  mixes  Wuld  be  needed  to  run  an  engine 
on  alcohol. 


T    F    34,  Enzymes  are  used  to  speed  up  conversion .ot  starch  to  sugar. 
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POST-CHECK  (Continued)  '  . 

ENERGY  CONSERVATION  THROUGH  THE  SELECTION  AND  APPLICATION  OF 
P^NEWABLE  ALTERNATIVE  SOURCES 

35.  Two  Hundred  (200)  proof  is  100%  pure  alcohol, 

36.  Passive  solar  energy  utilizes  outside  energy  co  collect  heac. 

37.  A  trombe  waU  is  an  example  of  indirect  gain. 

33,  The  angolan  distance  between  .true  south'^and  the  point  on  the  hori- 
zon directly  below  the  sun  is  che  azimuth, 

39.  Time  lag  is  the  time  it  takes  heat  to  travel  through  an  object. 

40.  The  solar  constant  is  the  amount  of  solar  reaching  the  earth's  sur- 
face. 

41.  The  angle  of  incidence  is*  the  angle  that  the  sun's  rays  make  with  a 
line  perpendicular  to  a  surface. 

42.  Xnsol^ation  Is  the  amount  of  solar  radiation  striking  a^  surface  ex- 
posed to  the  sky.  .  *  ^ 

43.  Retrofitting  is  Installing  a  solar  system  in  a  new  structure, 
4A.'  k  cler<>story  window  is  one  placed  low  in  a  wall, 

45.  A  b^rm  is  a  man-made  mound,  or  small  hill  of  earth, 

46.  A  dimu  down  system  uses  antifreeze  to  combat  freezing',  ^ 

47.  High  temperature  how  water  application  In  solar  energy  utilize 
flat  plate  collectors, 

48.  Heat  transfer  is  the  amount  of  heat  that  can  be  driven  from  one 
medium  to  another,         ...  .       '  ' 

49.  The  four  main  elements  of  a  solar  hot  water  system  are  the  collector 
storage  tank>  auxiliary  Jieat  su^pply,  and  the  control  system, 

50.  A  solar  concentrating  system  normally  will  incorporate  a  tracking 
device. 

51.  Rock  is  xx  common  storage  medium  for  solar  air  systems. 
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POST-CHECK  (Concinued) 

ENERCy  CONSERVATION  THROUGH  THE  SELECTION  AND  APPLICATION  OF 
'     RENEWABLE  ALTERNATIVE  SOURCES 


T    F    52<   In  an  air  system  heat  transfer  is  largely  due  to  radiacion. 

T         53<   A  baffle  is  a  device  used  in  an  air  system  to  block  the  reverse 
flow  or  escape  of  air. 

T    F    54<   MosC  often  solar  air  systems  are  compatible  with  existing  forced 
air  systems- 

T    F    55<  Air  is  a  convenient  and  easy  medium  to  work  wich  in  solar  applica- 
tors-                                                          ^  c  ' 

T    F    56<   Skills  in  heating  and  air  conditioning  will  transfe'r  to  solar  con- 
struction- '  ' 

T    F    57 <   You  should  he  able  to  estimate  costs  of  construction  and  payback 
periods  to  determine  ^^economic  feasibility  of  solar  energy, 

T    F    58-   The  moral  and  social  justifications  for  utilizing  solar  energy  are 
unimportant.  . 

T    F    59.  The  technology  needed  to  utilize  solar  energy  is  several  years  away. 

T    F    60.   The  orientation  of  a  collector  is  unimportant  to  the  amount  of  heat 
It  can  collect. 


ERiC 
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POST-CHECK  KEY 


ENERGY  CONSERVATION  THROUGH  THE  SELECTION  AND  APPLICATION  OF 
RENEWABLE  ALTERNATIVE  SOURCES 


Identifying  Alternative  Energy  Sources 


1.  T 

2.  F. 

3.  F 

4.  T 
-5^  T 

F 
F 
T 
F* 
F 


6: 

7. 
8. 
9. 
10. 


IP-2 


Examining  Wood  as  Renewable  Alternative  Energy  Source 


11. 

T 

12. 

T 

13. 
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F 

IP-3 


Investigating  ^cohoi  as  keaewable-Alternati-Ofe -Energy  Source 
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32. 

F 

33. 

T 

34. 

T 
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POST-CHECK  KEY  (Continued) 


ENERGY  CONSERVATION  THROUGH  ^THE  SELECTION  AND  APPLICATION  OF 
RENEWABLE  ALTERNATIVE  SOURCES 


Conserving  Energy  Using  Passive  Solar  Techniques 


36. 

F 

37. 

T 

38. 

T 
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40. 
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41. 
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45. 
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Examining  Solar  Energy-Hot  Water  Systems 
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Examining  Solar  Encrgy-HoC  Air  Systems 
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54.  T 
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Building  and  InscalliTig  Solar  Devices 
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MODULE  EIGHT 
ENERGY  USED  IN  SMALL  BUILDINGS  AND  HOMES 


I 

Prepared 


by 


Lynn  P<  Barrier 
Industrial'  Arcs  Education 
Virginia  Departmenc  of  Educacion 
Roanoke,  Virginia 


USDOE  Sponsored  Faculty  Development  Workshop  on  Energy 
Conservation  for  lAE  at  North  Carolina  State  University 
June  1981    -    R.E,  Wenig,  Director 
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ENERGY  USED  IN  S^LL  BUILDlNGS^  AND  HOMES 

V 


Energy  conservation  is  bnsed  on  controlling  energy  uses  in  the  home  ^ind  in 
small  buildings.     Households  and  small  buildings  use  about  21%  of  the  total 
energy  in  the  nation-     It  is  important  to  become  aware  of  the  major  uses  of'' 
energy  in  the  home  so  that  efforts  pan  be  made  to  conserve  and  more  efficientl 
use  it.    The  willingness  to  conserve  energy  will  help  to  make  more  productive 
use  of  the  world's  and  America's  resources. 

Students  should  become  more  aware  of  the  energy  uses  in  the  home.     It  is 
the  purpose  of  this  module  to  help  students  recognize  the  major  uses  cif  energy 
in  the  home  and  develop  habits  and  attitudes  toward  better  conservation- 


TERMINAL  PERFORMANCE  OBJECTIVE: 

Given  the  resources  of  energy  uses  in  the.  home,  survey  ma jor  appliances 
(such  as  space  heating  and  cooling,  electric,  appliances)  and  determine  Dhe  rel 
ative  consumption  of  each  as  measured  in  the  appropriate  units  (compare  energy 
used^  in  the  home  with  energy  usc?d  on  the  national  level  by  referring  to  thB 
resource).       :  o 

m 

INSTRUCTIONAL  PACKAGES                                                          KNOW  HEED. 
IP-1 ,        Inventory  Ehetgy  Uses  in  the  Home   ^   


IP-2,        Compare  Energy  Uses  in  the  Home  with 

^'Monthly  Energy  Requirements  of  House-  ' 
hold  Appliances" 

IP-3.        Draw  a  Floor  Plan  of  the  Home  and  Locate 
the  Position  of  Energy  Uses 
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PRE- CHECK 

'     ^  ENERGY  USED  IN  SMALL  BUILDINGS  AND  HOMES 

z  ...  * 

DIKECTIONS:      Answer  the  following  by  placing  a  *'T**  for  true  or  an  "F**  for 
false  on  the  blank. 
'  '  ..r.  - 

IP^l .        Inventory  Energy  Uses  in  Home 

 1.     A  meter  used  to  measure  the"  amount  of  electricity  used  is  called 

a  kilowatt  hour  meter,     ,  *  . 

2-     The  dials  on  a  power  meter  all  turn  in  the  same  direction, 

J  3,     The  information  on  appliances  that  refers  to  energy  dse  factors  such 

as  volts,  watts,  ampers,  etc,   is  found  only  on  the  shipping  box  or 
crate.  ,        ^  * 


IP^2.        Compare  Energy  Uses  in  the  Home  With  "Monthly  Energy  Etequirements  of 
Household  Appliances"  ^ 

^        I,      Inventory  the  appliances  in  the  home  (inventory  in  Ip-lJ  and  compare 
with  the  ''Monthly  Energy  Requirements  of  Household  Appliances'*  -  Form 
C, 

IP-3,        D^raw  a  Floor  Plan  of  the  Home  and  Lcfcate  the  Position  of  Energy  Uses 
.  .  1,     A  fioor  plan  includes  the  walljs  of  the  home- 

^  2.     The  symbol  for  a  light  fixture  is  a  small  circle  with  a  line^through 

the  circle,    '  ^ 

J  3.     There  is  more  than  one  source  of  energy  uses  that  services  t^  home* 


\ 
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'  PRE^CHEGK  KEY 

tNERGY  USED  IN  SMALL  BUILDINGS  AND  HOMES 


Inventory  Energy  Uses  in  Homes 

1,  T 

2,  F 

3,  F 


Compare  Ene 
of  Housebol 


anccs . 


Draw  a  Floe 


1-  F 

2-  T 


rgy  Uses  in  the  Home  with  "Monthly  Energy  Requirements 
d  Appliances" 


An.  inventory:  of  appliances  used  in  the  home  will  "have  to  be  compared 
with  the  "Mnnthly  Ener;;y  Requirements  of  Electric  Household  Appli- 


r  Plan  of  the  Home  and  Locate  the  Position  of  Energy  Uses 
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ENERCY  USETD  IN  SMALL  BUILDINGS  AND  HOMES 

T      ^Inventory  Energy  Uses  in  Homes^ 
OBJECTIVES  *  . 

Upon  completion  of  this  instructional  pactcage,  you  will  be  able  to: 
A<     Inventory  the  energy  users  in  the  hotne< 

B.     Calculate  the  relative  consumption  of  each  appliance  as  well  as  the  tot^l - 
energy  consumed  in  a  twenty-four  (24)  hour  period  of  time- 

RESOURCES  \  * 

Books:.  ? 

providing  for  Energy  Efficiency  in  Homes  and  Small  f jiidings-     USDOE*  Publi- 
cation 06065,  P«rt  1;  Education  Division,  Wistf^'on,  DC    20585,  pp- -43- 
48,  ^ 

Pamphlets :    ■  ^  '  * 

Tips  for  Energy  Savers,     Federal  Energy  Admi''  ion.  Publication  FEA/D 

77/212,  August  1977  ,  pp,  32-33, 

Award  Winning  Energy  Education  Activities  jmencary  and  High  School 

Teachers,     Energy  Rese^arch  '^nd  Developat.  ;    Admiibistration  Technical  Inform 
'ation  Center^  P,0.''Box  62,  Oak  Ridge ,  ^      J7S30,  pp,  19''20,  24-29,/ 

Handouts ; -  - 

Monthly  Energy  Requirements  of  Electric  Appllaoces     f  / 

Local  Utiiitfies  Monthly/Yearly  Need  and  Rate  Information 

Home  Energy  Conservation  Primer,     Vogel  et  al , ,  West  Virginia  University, 
Morgantown,  WVA    26506,  August  1980,  pp,  521, 
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ACTIVITY 


Using  f p*/y/*5.  write  down  the  readings  of  appliances  that  are  used  in  the  - 
home  as  recorded,  opposite  the  ones  listed  on  the  handoat(  /  9 

Record  the  total  amount  of  "enorgy  used  in  the  home  for  a  twenty-four  h^ur 
period  (this  was  a  previous  a^sig^meDt),     Record  che^  percentaf;e  of  each 
appl  ianc*-  relative  to  tji*-  COt.it  amount  of  cnt*rgy  used  in  tweniy-four  hours. 


List  the  appliances  and  equipment' that  use  the  most  energy  .in  twenty-^four 
hours,  usinjg  I  ij3 


FEEDBACK 


Objective  A  Check: 


A.     Complete   1  P^i/ S  and  chec** 


Instrdfctcnr_Ls  Approval 
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7  ' 

January  29,  1981 


MO:>n[LY  ^^^:R^v  rj%qctrk>ients  ^of  el*kctric  iiouseholb  appliances 


APPLTANGHS 

— i  \ —  *  ^ 

Air  Conditioner  (Wlixiou) 
12  HrSv  Use  -  6,000 
BTU  115  Vole 

w 

12  Hrs.  Use  -  1? »000 
'    BTU  230  Vole 
Electric  Blanket  (8  Hrs+ 

use  per  day) 
Broiler 
Clock 

Clothes  Dryet  (55  min*  cycle) 

7  loads/week  C$r>*87/Mon'th) 
"Crock-Pot" 
Coffee  Maker 
Compactor 
Deep  Fryer 

Dchunidifier  24  iirs*  use 

22  pts./doy 
DlsWosher 

Inqluding  hot  water  3^ 

loaSe/inonch  - 
DrippVg  Faucet  0"  slow 
Dripping  Faucet  -^medium 
Dirippiilg  Faucet  -  fast 
Fan'  (Attic) 
Fan  (Circulating) 

10  hrs.  use/day 
Burner  &  Fan  (Furnace-oil)  , 

6  months  use-'lST'S  hours 
'  Fan  (Roll-about) 
*  Fan  (Window)  ^  . 

Food  Mixer 
Food  Waste  Disposer 
I^ing  ?an 

Hair  Dryer  (soft  bonnet) 
Hair^  Dryer  (haVd  bonnet)' 
Eair  Dryer  (hand  held) 
J     te*r  (radiant) 
r*o,r  'Plate 

Husiidifier     6  hrs./day 

Iron  (hand)  "  ^ 

Lamps,  fluorescent 
,    (6.  hrs./day)  40  watt  48"; 
-(inc.  ballast)       "  , 
^6,hr3./'day)  80  watt  96" 
(inc*  ballast) 

^Laiaps,  Incandescent  i 
60  watt  size  (6  hrSv/day  use) 
100  watt  ,  size  (6  hrs/day  xise) 

Microwave  Oven  - 
15  siin*  per  day  use 


TYPICAL 
VATTACE 


860 


1,950 

190 
1,500 
2 

5,500 
70/140 
1,000 
1,380 
•1,620 

600 


370 
88 


ATPROX. 
OPERATING. 
COST  PER  HOUR 


4. 3? 


9.8«; 

8.0<;/day 
7. 5? 


27.5<;/load 
.6c 
5.0<; 

Sllc 


16.0<;/load 


1.8<; 

4. 4<;/day 


APPROX.  KWll 
USED  PER. 
MONTH 


310 

702 
46 
■  1/5 

3 


lERiC 


.  836 

,  '171  - 

0.9«; 

200 

l.Oc 

127  • 

'  0.6«; 

445 

1,600 

'  .,t7-9c 

400 

2.1<; 

900 

600  „ 

2. 9? 

1,650 

8, 2? 

1,650 

-  8-2<; 

.  115 

S.OC 

r,ooo 

so 

.100 

60 

100 

1>460  " 

'7.3c 

■  173 

14.4/day 


APPROX. 

^fi)NT^^LY  cost 


$  15.50; 

$  35.10  , 
<$    2.30  1 
7.5<; 


15.  Oc 


72.0? /day 


102 

-  $ 

5.10 

40 

$ 

2.00 

80 

'$ 

4.00  . 

120  ■ 

$ 

6.00 

192 

$ 

9.60 

2.5 


21 

-.9 

18 

11 
13 

11 


12.5? 


$  1.05 

45.0? 

90.0c 

.S5.0<; 
90.0«; 

5S.0<; 


ft 


1^2 


Radio 

Radio-Phonograph-Sccreo 
R^nge 

Rcf rigcracor 
Sidc-by-sidc,  no  frosc 
22  cu*  ft* 
22  cu.  fc+Zcusnomer 
dispenser 
Re frige ranor 
2  door  (nop  mounn)  no  frosn 
21  cu*  fn* 
18  cu*  fn* 
16  cu*  ft* 
14  CU+  fc* 
Refrigerator 
2  door  (nop  mount) 
cycle  defrost 

14  cu*  ft* 
12  cu.  fn* 

Refrigerator 

Single-door,  manual 
'  defrost  -  10  cu+  ft+ 
Food  Freezer 
Ko  frost  upright 
16  CU+  ft* 
Food  Freezer 
Upright,  manual  defrost 

15  cu*  ft+ 
12  cu»  ft* 

Food  Freezer 
Chest,  manual  defrost 

20  cu*  ft. 

15  cu.  ft* 
Sun  Lamp 

Television  (BW) 

(3  hrss,  per  day) 
Television  (Oalor) 

(8  hrs.  per  day) 
Television 

Instant  On  when  "off'^ 
BficW  (Solid  State) 
Color  (Solid  State) 
Toaster 
Toaster  Oven 
Vacuum  Cleaner 
Waffle  Iron 
Washing  Machine  Only 
Washing  Machine 

Hot  wash  warm  rinse 

includes  cost  of  hot  water 

based  on  30:  gallons  of  hot 

water  per  wash 

(58  minute  cycle) 

Water  Heater  (  4  in  faraiTy) 

Water  Pump 


75 
125 
32,000 


495 
495 


475 
475 
475 
475 


475 
475 


300 


475 


475 
440 


400 
400 
150 
XO 

150 

300 


13 
16 
1,320 
1,500 
920 
1,200 
300 


3*7C/10  hrs. 
6*3c/lO  hrs. 


300 


4,500 
460 


0.8C 
1*5C 

0.8C 

1.5C 


6*5C* 
7-7C: 
4*6C 
6-OC 

l-5C/Load 


43-6c/Load 


IJO 

$ 

5.50 

180 

$ 

9.00 

186 

$ 

9-30 

167 

$ 

8*35 

165 

$ 

8*25 

138 

$ 

6*90 

129 

$ 

6*45 

110. 

$ 

5*50 

97 

$ 

4.  85 

58 

$ 

2.90 

210 

■  $ 

10.50 

155 

$ 

7*75 

137 

$ 

6*85 

140 

$ 

7*00 

113 

$ 

5.95 

36 

¥ 

$ 

1.80 

72 

$ 

3*60 

.  9 

11 

14 
6*0 
1.2 
10 


263 


409 
75 


45*0c 
55.  OC 

70.0c 
30.  OC 
6*0c 
50*0C 


30  Loads/Mo. 
$  13.15 


$  20.45 
$  3*75 


ERIC 


^'OTE:    Cost  figur-^s  are  based  on  5.0C  Kt^*    These  cost  figures  do  non  reflect:  the 
basic  Oisnomer  chafcg^  for  reside^>al  customers*  "CPSlL,  RALEIGH, NC 
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ENERGY  USED  IN  SMALL  BUILDINGS  AND  HOMES 


IP'"2         Compare  Energy  Uses  in  the  Home  With  "Monthly  Energy  Requirements  of 
Household  Appliances" 

OBJECTIVE 

Upon  completion  of  this  instructional  package,  you  will  be  able  to: 

A,     Compare  the  results  of  energy  uses  in  the  home  previously  recorded  with 
the  Estimated  Yearly  Use  of  Energy  and  Operating  Costs. 

RESOURCES 
Handouts : 

Home  Energy  Conservation  Primer.    Vogel^  Michael  P- ,  et  al.    West  Virginia 
University,  Morgantown,  WVA,    August  1980,  pp,  521,  Table  5,D 

Iowa  T>eveloped  Energy  Activity  Sampler,  Industrial  Arts,  Grades  7  -  12.  The 
University  of  Iowa,  Iowa  City.     Doris  Simmons,  pp,  320-321, 

Local  Utilities  Need  and  Rate  Information, 
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ACTIVITY 


A,  Define:  Ampere  (i) 
Volts  XZ) 
Watts  (w) 
Kilowatt  Hour  (KWH) 

B*  Demonstrate  the  way  to  read  a  kilowatt  hour  meter  used  to  measure  electri- 
city used  in  the  home.  After  the  demonstration,  review  the  sample  handout 
and  record  the  reading  of  Meter  1  and  2  -  VP^lvJ 

C-     Complete  activities  1^3,  then  re^d  ,a  kilowatt  hour  meter  on  the  home  and 
record  the  amount  of  electricity  consumed  in  a  twenty-four  hour  period  of 
time.    Calculate  the  cost  of  energy  consumed  based  on  the  current  rate.  Use 
the  handout  "How  Much  Gas  or  Electricity  Do  We  Use?",     ^-f*?  Vr»-3,^ 

D.     Take  an  inventory  of  the  major  appliance  used  in  the  house,  such  as  space 
heating/cooling,  lighting,  cooking  appliances,  hot  water  heater,  pumps, 
etc.  and  list  the  energy  source  of  each.    Use  .Ifi-^lj'i 

E<     Read  the  inspection  plate  or  label  on  each  appliance,  light  bulb,  and 
equipment  to  determine  the  amperes,  volts,  watts,  or  the  BTU  capacity. 
Remember  that  even  if  a  furnance  is  fueled  by  gas,  it  has  an  electric 
motor  to  distribute  the  air  (record  all  data)*  — 

Calculate  the  energy  consumed  in  one  hour  on  four  of  the  major  appliances 
used  frequently  in  a  twenty-four  hour  period  of  time.    It  would  be  prefer- 
able to  calculate  this  ,during  the  time  the  kilowatt  hour  meter  is  being 
recorded,    i  '^"'AjS 


FEEDBACK 

Objective  Check:  '^^ 

A.  Define: 

Ampere  (i)  -  a  unit  of  electric  current 
Volt      (e)  -  a  unit  of  electric  pressure 
Watt     '(W)  -  a  imit  of  electric  power 
Kilowatt  Hour  (KWH)  -  a  measure  of  electricity 


HOW  TO  READ  YOUR  ELECTRIC  METER 


The  dials  are  like  watch  faces  lined  in  a  row  (every  other  dial  moves 
counterclockwise>  The  reading  tor  a  five  dial  meter  would  be  16,064.  The  reoding 
for  a  four  dial  meter  would  be  6,064. 


5  DIAL  METER 


WRITE  1     WRITE  6  -  WRITE  0     WRITE  6     WRITE  4 

Notice  that  when  the  pointer  is  between  two  numbers,  you  should  record  the 
tower  of  the  two  numbers. 

When  the  pointer  seems  to  be  directly  on  a  number  look  at  the  dial  to  the  right;  if 
the  pointer  on  the  right  side  dial  has  passed  "O",  then  write  down  the  number  the 
pointer  seems  to  be  one  if  the  pointer  on  the  right  side  dial  has  not  passed  "0'\ 
ttien  write  down  the  previous  lower  number  on  the  did  you  are  recording. 


RiCORD  THi  RiADINGS  FOR  THi  FOLLOWING  MiTiRS 

METER  NO.  1 


METER  N0.2 


A_ 


B  _- 


B 


Subtract  the  number  of  line  A  from  the  number  on  line  B  to  find  the  number  of  KWH 
of  ^ectricity  used. 


UneB  _ 

Line  A   

KWH  used 


137 


LJneB  _  - 
Line  A 

KWH  used  _ 

17R 


METER  READING  RECORD 

^^^'^^  *  A  9^  ^<='y  is  to  keep  a  record  of 

fif'  l?^'' beginnir>g  your  conservation  ef- 
fort. The  chart  below  will  help  you  record  your  progress.  I  Draw  the  posi- 

o^L?^  ^^^^  "^®t®^  ^'ols  each  day  at  the  same  time 
LkI  ?  tti©  number  in  the  space  befow  each  dial  and  on  the  line  at  the 
Jil  t  ^'^^^^^^  ?®  ^<^rs  (KWH)  used  on  day  orw  from  the 

kilowatt  hours  used  on  day  two.    Repeat  each  day  for  seven  days. 


Meter  Reacflng  Day  1 


Reading  Doy  2 . 
Reading  Day! 
KWH  used  
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HOW  MUCH  GAS  OR  ELECTRICITY  DO  WE  USE? 


Name 


Date   Time   READING 


Date   Time   READING  - 

TRY  TO  SAVE  ENERGY! 


Date   Time   READING 


Date   Time   READING 
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FEEDBACK  (ConCLTiued) 

B.     Reading  of  meter  1  and  2  -  >  ^~  ff  ^ 

RECORD  THE  READINGS  FOR  THE  FOLLOWING  METERS 


METER  NO.l 


METER  N0.2 


A  _  ^ 


7 


A_  2_ 


9— 


B  .  2 


Subtract  the  rxmber  of  line  A  from  the  rwrnber  on  line  B  to  firid  the  number  of  KWH 
of  ^ectriclty  used. 


LinoB  _ 

Line  A   

KWH  used 


5292 


55 


LineB  _  - 
Line  A 

KWHused  _ 


2606 


2579 


27 


D.     Reading  of  kilowatt  hour  meter  in  a  twenty-four  hour  period  of  time. 


E.     Inventory  energy  uses  in  the  home,  iP—^'r 


X81 


20Q.,, 


ENERGY  USED  IN  SMALL  BUILDINGS  AND  HOMES 


Tp-3 


Draw  a  Floor  Plan  of  the  Home  and  Locate  the  Position  of  Energy  Uses 


OBJECTIVE 


Upon  completion  of  this  instructional  package,  you  will  be  able  to: 

A.     Draw  a  sketch  of  a  floor  plan  of  the  home  and  locate  the  position  of  the 
incoming  source  of  energy  and  the  relative  position  of  each  appliance 
and  lighting. 

RESOURCES 

Architectural  Drawing  References  with  Current  Symbols* 
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ACTIVITY 


Use  graph  paper  or  drawing  paper  and  lay  ouc  the  floor  plan  of  che  home 
used  as  a  reference  for  all  energy  uses.  (Sketching  or  drawing  will  be 
acceptable.    Include  window/door  openings  and  cocal  square  feet,) 

Make  a  legend  using  symbols  for  energy  uses  in  the  home  and  a  symbol  for 
each  appliance.    Use  standard  symbols  commonly  used  on  floor  plans*  Design 
a  symbol  for  appliances  that  don'c  have  a  standard  symbol. 

Locate  each  source  of  energy  on  che  floor  plan,  each  appliance  and  lighting 
that  uses  energy. 

Using  che  comparison  of  energy  uses  chat  was  recorded  previously,  circle  . 
che  appliances  thac  use  the  most  energy  in  che  home. 

Use  chis  floor  plan  and  daca  for  calculating  energy  use  in  Module  #12 
and/or  various  references  on  energy  audic. 


FEEDBACK 
Objeccive  Check: 

A,     The  compleced  drawing  of  the  home  will  be  used  for  the  progress  check. 
Use  the  following  check  lisc; 

1*      Scale  of  the  Drawing  J  

2,      Total  Number  of  Square  Feet   


3,  Symbols  for  Appliances  (Legend  on  Drawing) 

4,  Circle  appliances  that  use  the  most  energy  in  che  home. 
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POST-CHECK 

ENERGY  USED  IN  SMALL  BUILDINGS  AND  HOMES 


The  following  post-check  will  evaluate  the  complete  module  #8  on  "Uses  of  En- 
ei^gy  in  the  Howe  and  Small  Buildings."    When  comoleted,  you  wiU  inventory 
major  uses  of  energy  in  the  home  and  be  able  to  compare  uses  of  energy  of  hom< 
in  a  community  or  nation. 


How  much  will  it  cost  for  the  kilowatts  recorded  for  raeters  1  and  2  per 
,5<f/KWH? 

2.     Match  the  following  terms  in  the  left  column  with  the  symbols  in  the  right 
column,  and  put  the  symbols  on  the  blank* 

 Volts  KWir 

 Watts  W 

 Kilowatt  Hour  I 

 ^Electric  Outlet  E 

 ^Electric  Light 


3-     Name  three  major  sources  of  energy  uses  in  the  home. 
I* 

3* 


2m  - 


POST-CHECK  (Continued) 
ENERGY  USED  IN  SMALL  BUILDINGS  AND  HOMES 

Name  three  major  uses  of  energy  in  the  home. 
1. 

3. 


Name  three  major  items  of  information  found  on  an  appliance  inspection 
plate  that  will  help  to  determine  energy  uses. 

3. 


Place  a  number  1-10  beside  the  appliances  that  consume  the  most  energy* 
1  uses  the  most  energy,  10  uses  the  least* 

 Window  Fan 

 Air  Conditioner 

 Electric  Frying  Pan 

 Waffle  Iron 

 ^WaLer  Heater 

 Television  (Color) 

 Fluorescent  Light 

 ^Radio 

 Television  (Black  &  White) 

 Clock 
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MODULE  NINE 


WAYS  AiTO  MEANS  OF  ElEDUCING  HOME  AND 
SMALL  BUILDING  ENERGY  USE 


Prepared 
by 


Michael  F*  Vogel 
Technology  Education  Programs 
West  Virginia  University 
Morgantown*  W 


USDOE  Sponsored  Faculty  Development  Workshop  on  Energy 
Conservation  for  lAE  at  North  Carolina  State  University 
June  1981  -  S-E»  Wenig^  Director 
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WAYS  ^ND  MEAMS  OF  REDUCING  HOME  AND 
SMALL  BUILDING  ENERGY  USE 


Reducing  energy  use  saves  money,  conserves  natural  resources,  and  enables 
individuals  and  nations  to  become  more  self  sufficient  from  external  forces,. 
This  module  specif ically  assists  individuals  to  reduce  energy  in  homes  and  small 
buildings. 

TERMINAL  PERFORMANCE  OBJECTIVES 

At  the  completion  of  this  module,  the  iitudent  will  be  able  to: 

1<     Identify,  list,  and  describe  major  factors  that  affect  the  energy  consump- 
tion in  the  home  and  small  buildings; 

2<     Identify,  list,  and  describe  strategies  and  techniques  for  conserving 

energy  and  modifying  factors  that  affect  energy  use  in  small  buildings  and 
residential  s true tu re s < 

It  should  be  kept  in  mind  that  the  purpose  of  this  module  is  to  provide 
the  student  with  ideas,  strategies,  techniques,  etc,  for  reducing  energy  use 
in  buildings.  It  is  not  the  purpose  of  the  inodule  to  provide  a  detailed  anal- 
ysis or  description  of  how  to  apply  these  ideas,  strategies,  and  techniques 
nor  provide  estimates  of  cost  and/or  fuel  savings  associated  with  strategy. 
Many  of  the  energy  saving  strategies  mentioned  within  this  module  are  dealt 
with  in  detail  in  other  ntodules. 

INSTRUCTIONAL  PACKAGES  KNOW  NEED 

IP-1  <        Energy  Consumption  in  Small  Buildings 

and  the  Home     


IP-2,        Factors  That  Affect  Energy  in  Buildings 

IP-3<        Strategies  and  Techniques  for  Reducing 
Residential  and  Commercial  Energy 
Consumption 
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PRE-CHECK 

WAYS  AND  MEAMS  OF  REDUCING  HOME  AND 
SMALL  BUILDING  ENERGY  USE 


DIRECTIONS:       In  the  space  provided  below,  select  tbe  response  that  best  com- 
pletes the  statement. 

Ip-l  Energy  Consumption  in  Small  Buildings  and  the  Home 

TRUE    -  FALSE 

 1,     The  residential  and  commercial  sectors  consume  approximately  362 

of  the  United  States  energy. 

 2,     Space  heating  is  the  second  largest  consumer  of  energy  in  the  res- 
idential section. 

 3,     Water  heating  consumes  more  energy  than  air  conditioning  in  the  com- 
mercial sector, 

 4-     The  commerical  sector  consumes  approximately  21%  of  the  U,S,  energy 

budget. 

 5,     Space  heating  is  about  58%  of  the  residential  energy  consumption. 


I?-2  Factors  that  Ai feet  Energy  Use  in  Buildings 

SELtCT  THE  STATEMENT  THAT  DOES  NOT  FIT.  ^ 
 I,     Factors  that  affect  energy  use  "  effect  of  house  design 

A,  Room  layout  C,  Vegetation 

B,  Shape  of  home  D-     Size  of  house 

 2,     Factors  that  affect  energy  use  "  insulation 


A,  R,  Value  C,  Superinsulated 

B,  Vapor  barrier  D,  Infiltration 

Factors  that  affect  energy  use  "  orientation  of  slopes  on  the  site 

A,  South  facing  for  maximum  solar 

B.  West  facing;  for  maximum  afternoon  solar  exposure 
C-  East  facing;  for  maximum  morning  solar 

D-  North  for  riinimuni  wind  and  solar  exposure 
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—  PRE-CHECK 

*— 

WAYS  AND  MEANS  OF  REDUCING  HOME  AND 
SMALL  BUILDING  ENERGY  USE 


Factors  that  affect  energy  use  -  vegetation 

A.    Location  C*  Distance 

B*    Color  0.  Size 

Factorsihat  affect  ener^^y  use  - 

A.  Wind  C.  Altitud<^ 

B,  A2  iniu  th  D ,     Land  form 


IP-3         Strategies  and  Techniques  for  Reducing  Residential  and  Coramerclal 
Energy  Consumption 

TRUE    -  FALSE 

 1.     The  Federal  government  has  passed  legislation  providing  energy  con- 
servation incentives.    The  EPCA  of  19^5,  the  ECPA  of  1976,  and  the 
NEA  of  1978  are  three  such  legislative^  acts. 

 2-     Home  space  heating  can  be  reduced  by  as  F>ach  as  50%  by  insulation. 

 3,     Taking  a  bath  will  generally  save  more  energy  than  taking  a  shower* 

 One  foot  fluorescent  lamp  has  a  higher  per  watt  than  does  two  4  foot 

lamps. 

 5-     120  F  is  usually  an  adequate  water  temperature  for  a  hot  water  heater 


ERJC 
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PRE-CHECK  KEY 


IP-1. 


IP-2. 


IP-3. 


WAYS  AND  MEAMS  OF  REDUCING  HOME  AND 
SMALL  BUILDING  ENERGY  USE 


Energy  Consumption  in  Small  Buildings  and  the  Home 


1.  T 

2.  F 

3.  F 

4.  F 


Factors  that  Affect  Energy  Use  in  Buildings 


1  ■  C 

2.  D 

3-  D 

k.  B 

5.  A 


Strategies  and  Techniques  for  Reducing  Residential  and  Commerital 
Energy  Consumption 


1.  T 

2.  T 

3.  F 
k.  T 
5.  T 
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WAYS  AND  MEANS  OF  REDUCING  HOME  AND 
SMALL  BUILDING  ENERGY  USE 



IP-K        En*>rgy  Consumption  in  Small  Buildings  and  the  Home 
OBJECTIVE 

This  instructional  package  will  help  you  to  understand  the  amount  of 
energy  consumed  in  the  residential  and  small  buildings.     It  will  also  help 
you  identify  energy  consumption  in  th^sc  structures.    Upon  completion  of  this 
instruction  package,  you  will  be  able  to: 

A.     List  and  describe  major  areas  of  energy  consumption  in  the  residential 
and  small  building. 


RESOURCES 

The  following  resource  has  been  provided  for  you  to  use  in  attaining  the 
object ive  1 i^ ted  above : 

Information  Sheet: 

Energy  Consumption  in  the  Residential  and  Commercial  Sectors      IP- 1 , 1"3 
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ACTIVITY 


A.     Review  inscruccional  package  resource  Xisced  above;    Energy  Consumption 
in  the  Residential  and  Commercial  Sector, 

B*     List  the  areas  of  energy  consumption  in  the  residential  and  commercial 
sectors  in  the  space  provided  in  Figure  i- 

C-     Fill  in  the  blanks  in  Figure  1  with  the  names  of  the  contributing  energy 
consuming  factor  adjacent  to  the  correct  percentage. 
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Information  Sheet  IP-1,  1-3 


"ENERGY  CONSUMPTION  IN  THE  RESIDENTIAL  AND  COMMERCIAL  SECTORS" 
Of  the  total  energy  consutned  in  the  United  States,  approximately  36%  is  used  in  the  residential 
and  commercial  sectors*    The  following  diagrams  show  the  areas  of  energy  in  these  sectors: 


so 


5>i  o 


lO-Space 
Heating 

11,  Air  Conditioning 

12,  Water  Heatin 

13,  Refrigeration 
14,0the 


l*Television 
2, Laundry 
3^   3, Freezing 
3»'*74,Air  Con- 
ditioning 
5,  Cooking 

6*Lighting  ^ 

Small  Appliances 
7*  Refrigeration 

8,  Water  Hoiting 
9,  Space  Heating 


^13 


•7> 
I 


ERIC 


FIGURE  1    Energy  Consumed  In  the  Residential  and  Coramercial  Sectors  in  the  U,S, 


Information  sheet  lP-1,1-2 


sectors  consist  of  housing  units,  Don^fnanufacturlng 

business  establishments  (e»g»  whoTesale  "and"reta11~^bus1nessesK  --^—^ 

health  and  educational  Institutions*  and  government  office  buildings* 
The  overall  trend  In  residential  and  commercial  energy  use  from  1960 
to  ig77  was  growth*   Consuming  38%  of  the  nation's  energy  budget  In 
1978,  the  primary  applications  are  for  space  heating  and  cooling* 
lighting*  water  heating*  and  operation  of  small  appliances* 

Between  i960  and  1972,  energy*4isje  In  buildings  grew  at  an 
average  annual  rate  of  5  percent*    Conmerclal  use  grew  at  over  6  per- 
cent per  year  and  residential  was  under  5  percent*    In  1973  energy 
use  trends  vailed  erractically  from  the  pattern  of  steady  Increase* 
with  no  overall  growth  through  1975*    In  1975  growth  resumed  at  Its 
former  rate  of  5  percent  and  continued  at  the  same  rate  In  1977* 

Changes  In  residential  and  conwercial  energy  consumption 
roughly  paralleled  the  rise  and  fall  of  economic  activity  In  the 
1970's  and  rising  energy  prices  in  the  residential  sector  coincided 
with  the  leveling  off  of  consumption*    Trends  In  energy  expenditures 
per  household  underscore  the  point.    As  expenditures  for  energy 
rose,  household  energy  consumption  declined*    In  1976,  as  price 
increases  continued  but  at  a  more  fijoderate  rate*  consumptlon-per- 
household  again  turned  upward*    The  same  trends  are  apparent  in 
commercial  fuel  expenditures* 

During  the  last  two  decades,  the  mix  of  fuels  supplying  the 
energy  shifted  markedly*    Electricity's  share  In  the  residential 
sector  Increased  from  26%  In  1<)60  to  46%  In  1976,  gas  declined  from 
37%  to  32£,  oil  from  Z6%  to  IBS*  and  other  fuels  -  such  as  coal  arwi 
propane  •  declined  from  11%  to  4jS*    Similar  shifts  in  fuel  choice 
occurred  In  the  comerclal  sector*    Several  factors  were  Important 
In  the  shifts:    energetic  marketing  of  electricity  by  utllltles^* 
public  perception  of  gas  and  electricity  as  cleaner  and  more  con* 
venient  than  oil,  population  shifts  away  from  Mew  Englarwi  where 
oil  Is  heavily  used*  shortages  of  natural  gas  in  the  1970's  and 
onward*  and  fuel  price  changes* 


Today,  office  buildings  use  far  more  energy*  on  the  average* 
than  do  older  buildings  with  an  equivalent  amount  of  space*  The 
difference  can  be  traced  frequently  to  building  design—hermetically 
sealed  windows  create  the  need  for  mechanical  heating  and  cooling 
on  days  when  simple  ventilation  would  provide  comfortable  indoor 
tenperatures;  glass  walls  add  to  building  heating  and  cooling  require- 
j'nents  because  they  allow  high  levels  of  heat  loss  and  heat  gain;  and 
office  spaces  without  any  windows  require  artificial  lighting  when 
natural  light.  If  available*  v;Ould  be  ample*    Furthermore,  today*s 
businesses  rely  on  a  proliferation  of  office  machines*  computers, 
elevators  and  escalators* 

Convenience  and  comfort  appliances  led  the  growth  in  household 
energy  consumption  in  the  decade  of  the  196t)'s  which  Included  air 
conditioners,  clothes  dryers*  and  television.    According  to  the 
Ford  Foundation's  EOergy  Policy  Project  (study  of  energy  use  and 
lifestyles)  alrast  all  American  homes  now  contain  five  basic  energy* 
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consuming  items:    central  heat,  hot  v/ater  heater,  stove,  refrigerator, 
and  electric  lights.    Virtually  all  have  one  radio  and  om  tele- 
vision as  well.    Seven  out  of  ten  have  washing  machines.  Central 
air  conditioning  systems  for  example,  grew  from  five  percent  of 
American  households  having  these  systems  in  1969  to  15  percent  in 
1973.    Possession  of  dishwashers  Increased  from  six  percent  to 
existing  within  25  percent  of  all  households  during  the  same  period. 
Clothes  dryers,  which  existed  in  less  than  one-fifth  of  American 
households  in  1960,  were  found  in  almost  half  by  1973/ 

In  some  cases,  household  energy  growth  has  been  further  stimu- 
lated by  design  changes  that- diminish  the  efficiency  of  energy  use. 
ftost  refrigerators  currently  marketed  are  large,  frost-free  models 
requiring  about  two-thirds  more  energy  per  unit  than  snialler,  more 
economical  models  with  manual  defrost.    Color  televisions  typically 
consume  almost  half  again  as  much  electric  power  as  black  and 
vihite  sets.    Sonetimes  greater  energy  demand  in  one  area  affects 
demand  in  other  energy  sectors  as  well.    For  example,  dishwashers 

^nd  automatic  washing  machines  not  only  .use^electricjJty,  but  

require  even  additional  energy  for  hot  water  heating. 

Residential  energy  consumption  levels  are  frejjuently  influenced 
by  decisions  in  which  an  individual  home  owner  has' a  little  to  say. 
Refrigerators,  dishwashers,  air  conditioners,  and  hot  water  heaters  ^ 
are  often  chosen  by  the  builder,  or  by  the  previous  homeowner.  Home 
heating  systems  are  replaced  less  often  than  most  appliances  making 
it  even  less  likely  that  a  current  fuel  consumer  participated  in 
the  choice  of  system  for  his  hone.    One-fifth  of  all  American  house- 
holds (mostly  apartment  dwellers)  have  no  control  over  their 
thermostat  settings.    Such  residents  can  exert  direct  control  over 
their  dwelling  temperatures  only  by  opening  windows  or  turning  on 
portable  electric  heaters  or  blankets.   This  can  add  still  more  to 
their  energy  consumption. 

FiJrthennore.  theTTrend^toward  built-ini-energy-consuming  features 
in  new  homes  has  grown  in  the  last  fevj  years.   Guilders  are  incor- 
porating electric  heating  systems  ^ind  central  air  conditioning  in  an 
increasing  number  of  homes  and  apartrients,  and  concrete  slab  con- 
struction without  insulation  from  the  cold  ground  is  becominn  more 
coiimon.   Overall  home  design  has  become  less  and  less  oriented 
toward  energy  efficiency. 


FEEDBACK 


Objective  A  Check; 

Residential  Commercial 


1, 

Television 

10, 

Space  Heating 

2, 

Laundry 

11, 

Air  Conditioning 

3. 

Freezing 

12, 

Refrigeration 

4- 

Air  Conditioning 

13. 

Water  Heating 

5. 

Cooking 

14, 

Other 

6- 

Lighting  and  Small  Appliances 

7- 

Re frige rat ion 

8- 

Water  Heating 

9. 

Space  Heating 
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WAYS  AND  MEANS  OF  REDUCING  HOME  AND 
SMALL  BUILDING  ENERGY  USE 


IP-2. 


Factors  That  Affect  Energy  Use  in  Buildings 


OBJECTIVE 


This  instructional  package  will  help  you  to  understand  i:he  major  factors 
that  affect  energy  consumption  in  homes  and  small  buildings.    When  finished  with 
this  instructional  package,  you  will  be  able  to: 

A.     List  and  describe  major  factors  that  affect  energy  consumption  in  the 
home . 


Your  Energy  Efficient  House.     Odom,  Anthony.     Charlotte,  WC:    Garden, Wiy, 
1975. 

USDOE  Booklet: 

Providing  for  Energy  Efficiency  in  Homes  and  Small  Buildings*    American  Associ- 
ation for  Vocational  Instructional  Materials,  In  Three  Parts,  1980. 

Information  Sheet  from  USDOE  Booklet: 

Climate  and  Landform  -  Factors  That  Affect  Energy  Use  in  Buildings.  IP-2A, 
1-4. 

Hov  Design  and  Construction  Methods  Affect  Energy  Use  iti  Residences.  IP-2B, 
1-17, 


RESOURCES 


Book: 
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ACTIVITY 

A,     Review  instructional  package  resources  listed  under  RESOURCES, 

List  and  explain  climate  and  landform  factors  that  affect  energy  use  in 
buildings. 

INSTRUCTIONS:     In  the  Information  Sheet,  ''Climate  and  Landform  -  Factors 
That  Affect  Energy  Use  in  Buildings,**  seven  (7)  factors 
which  contribute  to  building  energy  use  were  discussed.  In 
outline  foirm,  list  these  factors  and  give  characteristics 
of  each, 

 1,     7.   

A,    A,   

  B,   

 2,   

A.   

B,    f 

 3,   

A,   

B.   

 4.  

A-   

B,   

 ^5,   

A.   

B,   

 ^6,   

A.  ' 
B, 
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ACTIVITY  (Concinued) 

C.     Lisc  and  explain  design  and  construccion  factors  that  affect  energy  use 
in  buildings. 

INSTRUCTIONS:     In  the  Information  Sheet,  "How  Design  and  Construction 
Methods  Affect  Energy  Use  in  Residences,"  fourteen  (14) 
factors  were  discussed.     In  outline  form,  list  Che 
fourteen  (14)  factors  and  characteristics  of  each  factor. 

 1.     8.   

A.  '  A.   

B.  B. 


A.    A. 

B.    B. 

  _10.   

A.    A. 

B.    B. 

   11.   

A.    A. 

B.   B. 

   12.   

A-    A- 

B-    B- 

  _13.   

A.                                           ■   •  A. 

B-    B. 

  __14  -   

A-   A- 

B-  B- 
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FEEDBACK 

Objective  B  Check: 

Check  responses  for  Activity  B.  See  attached  sheet 
Objective  C  Check: 

Check  responses  for  Activity  C-     See  attached  sheet 
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FACTORS  THAT  AFFECT  ENERGY  USE  IN  BUILDINGS 
CLIMATE  &  LANDFORM  FACTORS. 

1.  TEMPERATURE  PATTERNS  ON  THE  SITE. 

-  dailyj  monthly^  and  seasonal  pattern 

2.  PRECIPITATION  PATTERNS  ON  THE  SITE 

-  FROST  "POCKETS* 

-  SNOW  DRIFT  AND  COLLECTION  - 

-  FOG  MOVEMENT^   COLLECTION  OR  PROPENSITY  PATTERNS 

3.  MmD  PATTERNS  ON  THE  SITE 

-  dailyj  monthly  and  seasonel  patterns 

-  local  wind  obstruction 

4.  solar  radiation  patterns  on  the  site 

-  daily  and  seasonal  path  of  the  sun  acrqss,.the  site 

-  solar  obstruction 

5.  ORIENTATION  OF  SLOPES  ON  THE  SITE 

-  SOUTH  -  FACING  SLOPES  FOR  MAXIMUM  SOLAR 

-  WEST  -  FACING  SLOPES  FOR  MAXIMUM  AFTERNOON  SOLAR 

EXPOSURE 

-  EAST  -  FACING  SLOPES  FOR  MAXIMUM  MORNING  SOLAR 

EXPOSURE 

-  NORTH  -  FACING  SLOPES  FOR  MINIMUM  SOLAR  EXPOSURE  -  NONE 

IN  THE  WINTER 

6.  TOP^RAPHY  OF  SITE 

-  STEEPNESS  OF  THE  SLOPE  "  CAN  IT  BE  BUILT  UPON 

ECONOMICALLY 

PRESENCE  OF  SLOPES  BENEFICAL  OR  DETRIMENTAL  TO  ENERGY 
CONSERVATION  AND  SOLAR  ENERGY  UTILIZATION 

7.  Fyi5^TTNR  VEGETATION 

-  SIZEj  variety  and  LOCATION  OF  VEGETATION  WHICH  WOULD 

INPAIR  ENERGY  CONSERVATION  THROUGH  THE  CONTROL  OF 
WIND  AND  THE  SUN. 
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DESIGN  AND  CONSTRUCTION  METHODS  THAT  AFFECT  ENERGY  USE  IN 
THE  HOME 

1.  EFFECT  OF  SITE  LOrATION 

-  ORIENTATION  ON  SITE 

-  VEGETATION 

-  HILL  tops/south  SLOPE/VS  FLAT  LAND 

2.  EFFECT  OF  DESTRN 

-  SIZE  AND  SHAPE  OF  HOME 

-  ROOM  LAYOUT 

-  PLACEMENT  OF  GLASS  AND  DOORS 

-  SLOPE  OF  ROOF 

-  BERMED  HOME  , 

3.  EFFECT  OF  MATERIALS  USED 

-  R  VALUE  OF  MATERIALS 

-  BRICK  VS  WOOD  FRAME 

-  TYPE  OF  WINDOWS  (OPERABLE  VS  FIXED) 
^.     EFFECT  OF  INSULATION 

-  R  VALUE  OF  INSULATION 

-  TYPE^  APPLICATION  AND  AMOUNT 

-  CONVENTIONAL  STANDARD  VS  SUPERINSULATED 
5.      EFFECT  OF  VAPOR  BARRIERS 

-  CONTROL  HEAT  LOSS  THROUGH  MOISTURE  CONTROL 
5.     EFFECT  OF  WEATHERSTRIPPING  AND  CAULKING 

-  CONTROL  INFILTRATION  AND  AIR  CHANGES 
7.     EFFECT  OF  WINDOWS  AND  DOORS 

-  WINDOW  AND  DOOR  TYPES 

-  PLACEMENT 
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8.  EFFgCT  OF  HEATING  METHOD 

-  SOME  MORE  EFFICIENT 

-  SOME  USE  NON-RENEWABLE  FUEL 

-  SOME  PROVIDE  MORE  CONTROL 

9.  EFFECT  OF  VENTILATION 

-  NATURAL  VS  FORCED 

-  INSULATION  and/or  ISOLATED  FROM  COLD 

OTHER  DESISN  AND  CONSTRUCTION  FACTORS  THAT  AFFECT  HOME  ENERGY  USE 

.10.  EFFECT  OF  AIR  CONDITIONING  METHOD 

11.  EFFECT  OF  LIGHTING  METHOD 

12.  EFFECT  OF  PLUMBING  LAYOUT 

13.  ENERGY  EFFICIENT  APPLIANCES 
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27  MJ/hr,  * 

(240  8TU/SQ.  FT.)(12  NOON) 


FIGURE  76*  The  path  of  the  sun  influences  the  use  of  ener^gy  in  biiildings* 


Instruccional  Sheot  I 


How  Design  and  Construction  Methods  Affect  Energy  Use 


Several  factors  influence  the  amount 
of  energy  used  in  buildings- 
Planning  an  energy-efficient  home  or 
building  begins  vdth  the  selection  of 
the  site,  followed  by  the  proper  orienta-* 
tion  of  the  building  on  the  site*  Design 
of  the  strxjcture,  arrangement  of  rooms, 
selection  of  materials  and  mechanical 
equi];cnent  are  of  equal  oiqportance  in  an 
energy-efficient  building,    Your  under^ 
standing  of  design  and  construction 
methods  will  help  you  save  energy  in 
your  building*  ' 

From  this  section  you  will  be  able  to 
describe  how  design  and  construction 
methods  affect  energy  yseT  They  are 
discussed  under  the  following  headings: 

'  1*  Effect  of  Site  Location, 

2*  Effect  of  Design* 

3*  Effect  of  Materials  Used, 

4*  Effect  of  Insulation* 

5*  Effect  of  Vapor  Barriers, 

6,  Effect  of  Weatherstripping  and 

Caulkirq* 

7*  Effect  of  Windows  and  Doors* 

8*  Effect  of  Heating  Methods* 

9*  Effect  of  Air  Conditioning* 

10*  Effect  of  ventilation  Ilethod, 

11*  Ifew  Methods  of  Heating  and  Cooling* 

12*  Effect  of  Lighting* 

13*  Effect  of  Plumbii^* 

14*  Energy"Efficient  Appliances* 

1*    tl^'tur  OF  SITE  lOCaTION 

Site  location  and  the  orientation  of 
buildings  on  the  site  affect  the  amount 
of  energy  used  in  heating  and  cooling- 
The  sun  and  wind  are  two  major  factors 
that  inflxaence  energy 


Hill  jbpps  ^ridges  ai^  higher  elevations 
have  jnore  es^osure  to  the  wind  and  are 
colder  in  the  ^^inter  and  cooler  in  the 
surciter*    In  cold  climates,  select  southern 
exposures  protected  by  land  of  higher 
elevations*    Flat  sites  are  open  to  full 
sweeps  of  wind*   Air  tatperatures  near 
large  bodies  of  water  are  tenpered  by  the 
wind* 

SDine  trees  ma3ce  good  yand  screens* 
Deciduous  trees  are  e»c^lent  surtiner 
shelters,  while  evergreens  provide: 
shelter  the  year  round* 

Room  orientation  is  also  iiT^ortant* 
Roans  of  major  use  oriented  to  the 
southern,  warmer  side  of  a  building 
capitalize  on  solar  energy* 

Energy  oonsatption  can  be  reduced  by 
choosing  the  site  carefully.  Site 
location  should  vary,  depending  on  the 
djjnatic  aone.    Site  locations  should  be 
considered  for  each  of  the  aones  as 

fbllOWST 

a*    Oold  gone 

A  house  built  on  the  northern  or 
western  slope  with  little  or  no  protec- 
tion frotn  the  prevailing  winds  will  use 
more  energy  than  one  situated  on  the 
southern  or  exstem  slope  (Figure  77) . 

Vegetative  protection  can  also  be  a 
fector  in  energy  lose. 


Keep  in  mind  that  in  the  northern 
hanispb' — e  the  sun  is  high  in  the  sky 
during  Oie  sucmer  and  lower  on  the  hori** 
son  during  the  winter* 
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COLO  NORTH  WINO 


UNPROTECTED 


PROTECTED 


FIGURE  77-  Buildings  exposed  to  cold  prevailing  winds  will  use  more  energy 
for  heating  than  those  protected. 


Tqnperate  Zone 

A  balance  is  needed  in  the  tsrperate 
2Dne  between  pcotection  frcm  wind  in 
winter  and  access  to  air  in  stmner* 
Also,  vegetative  protection  that  is  used 
in  winter  may  be  vsed  as  shade  in 
sutiner  (Figure  78)  • 


riGURE  78-  A  building  in  the  teniperate 
ione  should  be  moderately  protected* 


c^    Hpt-Hurdd  Zone 

Sacmer  ocrtfort  is  ircre  iii^x^rtant  than 
winter  heat  in  the  hot-humid  aone*  If 
air  circulation  is  inadequate  during 
surnner,  excessive  energy  will  be  needed 
for  cooling*    Houses  should  be  situated 
en  southern  and  nar&em  slopes  with 
vegetative  protection  and  shade  provided 
(Figure  79)  • 


FIGURE  79*  Buildings  in  the  hot-humid 
zone  should  be  oriented  toward  the 
north  or  south  with  ample  shade  for 
stainmer* 
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d>    Hpt-Arid  Zone 

Houses  should  be  oriented  toward  the 
east  with  afternoon  shading  (Figure  80)  * 
Wind  is  not  iir^aortant  here  because  it  is 
generally  not  too  oold  in  winter  and  it 
is  hot  and  dry  in  simner.    It  is  best  if 
can  shield  the  building  &an  sinmer 
prevailing  winds* 


EAST 

HDT-ARID  ZONE 


FIGURE  80-  Buildings  in  the  arid  west 
should  face  the  east  and  utilize  after- 
ncxsn  shading  whenever  possible. 


FIGURE  81-  Rectangular  houses  oriented 
toward  east  and  west  generally  use  less 
energy  year  round, 

2>    h}:VkUJl  OF  DESIQT 

The  shape  of  a  building  also  has  an 
effect  on  the  amount  of  energy  used* 
Generally,  a  recjtangular  house  oriented 
east  and  v^est  will  xase  the  least  amount 
of  energy  (Figure  81)  • 

Design  should  allow  £or  exposure  of 
windows  to  sun  in  winter  and  shade  in 
sunner  (Figijore  82)  *   Shades  my  be  used 
effectively* 


SUMMER 


WINTER 


FIGURE  82*  Windows  should  be  exposed  to  sun  in  winter  and  should  be  shaded 
during  suinnier+ 
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FIGURE  B^.  Structures  may  be  designed  to  accommodate  more  insulation. 


Designers  are  changing  their  philosojiiy 
about  buildings*    Tl^ie  "ajnything  goes** 
attitude  ^^cii  was  characteristic  of  the 
past  decade  has  suddenly  evolved  into  a 
functional  and  efficient  approach  to 
building  design*   For  eatanple,  rambling 
structures  are  being  replaced  with 
cubicle  buildings  ^^ch  have  a  miniimm  of 
ext^ior  sur^ce  area*    Such  measures  cut 
-  down  on  one  of  the  greatest  sources  of 
heat  loss* 
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LARGE  WINDOWS       SMALL  WINDOWS 
REQUIRE  REOUtRE 
MORE  ENERGY  LESS  ENERGY 


FIGUHE  83,  Large  windows  require  more 
energy  than  small  windows. 


The  use  of  glass  has  become  an  oitpor* 
tant  factor  m  design*    Before  energy 
conservation  was  iicportantj.  designs  with 
large  expanses  of  uninsulated  and 
unprotected  glass  were  cotscon*   Nov  the 
amount  of  glass  used  in  many  building 
designs  is  being  reduced  (Figure  83)  * 
Nearly  everyvAiere  in  l±e  coatirbental 
Uhited  States,  south-facing  windows 
admit  more  heat  than  th^  lose*  To 
effectiv^y  reduce  heat  loss  thrcu^ 
windows,  at  least  two  layers  of  glass 
are  needed  in  cold  climates*    A  third 
layer  of  glass,  or  movable  insulation 
(curtains  or  shutters)  covering  the 
glass  at  ni^t,  can  reduce  heat  loss 
further*    An  overhang  or  other  shading 
will  cut  unwanted  suirner  heat* 

Designs  a3:e  being  adopted  which 
utilize  better  insulation,    A  new  design 
innovaticai  is  the  Arkansas  System  which 
recomrenas  5.1  x  15-2  cm  (2  x  6  in)  stud 
framing  to  acccnmodate  more  insulatioa 
(Figure  84)  • 

Additional  conservation  measures 
includte  the  utilization  of  insulated 
doors  and  multi-pane  windows*  General, 
overhead  lighting  fixtures  are  being 
replace  by  task  lighting.  '   
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Many  factors  are  taken  into  considera- 
tion, including  the  orientation  of  the 
house,  slope  of  the  roof,  hours  of  sun- 
shine, pre^^aillng  winds"and  site  latitude^ 

Mechanical  equipment  should  not  ijipose 
large  loads  on  tie  utility  system  during 
peak  periods*    The  selection  of  oversized 
equipnent  should  be  avoided*    In  ccnnercial 
buildings,  the  most  significant  features 
include  the  \ase  of  insulation  ^  proper 
fenestration,  control  of  ventilation  ^ 
levels  of  illwiination,  orientation  of  the 
building,  and  the  ex]absed  surface  area> 

It  has  been  proven  that  construction 
costs  do  not  have  to  be  greatly  affected 
in  either  residential  or  coranercial 
buildings  in  order  to  save  energy*  An 
eocaniple  of  this  fiact  in  ocmrnercial 
buildings  is  in  the  General  Service 
A±Tdnistration  Building  in  New  England • 
Driergy  xasage  is  cut  between  30-50%  by  the 
use  of  good  design*    The  price  came  to 
$50»10  per  square  foot  in  conparison  with 
the  av!Q:age  cost  of  $50»00  p^  square 
foot  for  similar  construction  in  that 
area* 

3*    EcTBJr  OF  M?\TERIALS  USED 


In  order  to  conserve  energy  in 
buildings,  the  principle  is  to  reduce 
heat  transfo:  through  the  outer  structure 
of  the  house*    Scene  building  materials 
allow  more  heat  transfer  ti^n  others* 
For  exan^e,  just  as  inuch  heat  will  be 
lost,  or  gained,  through  the  same  area 
of  20*3  on  {8  in)  of  concrete  block  as 
through  1.9  cm  (3/4  in)  of  wood  and  more 
through  a  single  window  pane  (Figure  85) . 

You  should  consider  using  oGcribinations 
of  construction  materials  that  will  allow 
the  least  heat  transfer.    T^le  VZ  gives 
the  relative  heat  transfer  resistance  of 
several  ooraoon  building  materials. 

As  to  cocribinations  of  these,  ccn^are 
the  total  resistance  to  heat  transfer  of 
the  two  wall  oonpositians  in  Tlable  VH. 
Jrfote  that  neither  wall  has  insulation* 


EQUAL  ENERGY  FLOW 
4.8mm 


Glass 


7.9cm 
t3/4in} 


WOOD 


20.3cm 
{8rn) 


CONCRETE 


FIGURE  85*  Heat  loss  varies  through 
different  materials- 

4.    i:>FELT  OF  H^SULAJTOW 

^TO^f  amount  and  the  way  insulation 
is  installed  are  a3J.  jir^rtant  in  reducing 
heat  transfer  in  and  cnit  of  buildings  > 
For  exanple,  you  itay  have  15»2  on  (6  in) 
of  insulation  in  yoor  attic  but  have  more 
energy  loss  than  yoor  neighbor  whose 
house  has  the  sanie  arcDxmt  (Figure  86)  • 
The  reason  is  that  different  t^pes  of 
insulation  have  different  insulation 
values*    Another  reason  is  that  one 
house  may  have  a3-l  the  cracks  and  crevices 
oofvered  ^iiile  the  other  may  not* 

You  learned  ion  the  last  section  the 
iii{X)rtance  of  selecting  materials*  lt>te 
the  value  of  insulation  in  Table  vm  as 
to  resistance  to  heat  transfer.  , 
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TABLE  VI.    RESISIANCE  TO  HEAT  FLCW  OF  SOME 

comxf  BuizsniG  materiais 


Type  and  Material 


Besistanoe 
to  Heat 
Flow  (R)* 


(an) 


(in) 


W 


Btu 


Gypsun 
,  Plywood 

VkxA  Subf  loor 


0.95 
1.30 
0.64 
0.95 
1.30 
1.90 
1.90 


3/8 
V2 

V4 
3/8 

1/2 
3/4 
3/4 


0.06 
0.08 
0.05 
0.08 
0.11 
0.16 
0.17 


0.32 
0.45 
0.31 
0.47 
0.62 
0.93 
0.94 


Concrete 

Concxete  Blocks 
3  oral  core 
sand  and  gravel 

Cinder 

CoFTcn  Bricik 
Face  Bricdc 


15.2 
20.3 


10.2 
20.3 
10.2 
20.3 
10.2 
10.2 


6 

8 


4 
8 
4 
8 
4 
4 


0.08 
0.11 


0.13 
0.20 
0.20 
0.30 
0.14 
0.08 


0.48 
0.64 


0.71 
1.11 
1.11 
1.72 
0.80 
0.44 


SIDING 


Vood  shingles 
Hbod  bevel 
Hbod  plywood 
Aluminum  or  steel 


41 

1.3  X  20.3 
0.95 


16 
V2  X  8 
3/8 


0.15 
0.14 
0.10 
0.11 


0.87 
0.81 
0.59 
0.61 


FINISH  mXKING 


Tile,  asphalt,  linoleum, 
viiiylr  rubber 
Hardwood 


0.008  ~, 
0.010 


0.05 


FOCFBIG 

Asphalt  0.95  (3/8) 
built-iK> 


0.08 
0.06 


0.04 
0.33 


— ^  =  (meters)  ^"C  -r-  watts 


h'ft?'*F  -  Hours  (feet)2'*F-^  British  thPTmPil  units 
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TPSLE  VXI,    OOWABISOM  OF  BESJSmXIE  TO  HEAT 
ilCW  OF  f^KS^JMS  ?ND  TC^  TYPICAL 


Frame  Wfedl 

Besistanoe 
to  Heat  Flow 
(R-Value) 

> 

Bta 

Outside  film  24  Jan/hr  {15  vigh) 
wind,  winter 

Siding,  wood  1,3  x  20,3  cm 

(1/2  X  8  in  lapped) 
Sheathing  l,3an  (1/2  in)  regular 
Inside  dead  air  space 
Gypsun  wall  board  l,3aa  (1/2  in) 
Inside  surface  (winter) 

0,03 
0,14 

0,23 
0,16 
0,08 
0,12 

(0.X7) 

(0.81) 

(1*32) 
(0,91) 
(0,45) 
(0,68) 

Total  Resistance 

0,76 

(3*43) 

Masonry  W^uLl 

Resistance 
to  Heat  Flow 
(5%-Value) 

Outside  surface  24  km/hr  (15  itjih) 

0.03 

(0.17) 

Face  brick  10,2aii  (4  in) 

0.08 

(0.44) 

COTent  irortar  l,3an  (1/2  in) 

0.02 

(0.10) 

Cintaer  block  20,3cm  (8  in) 

0.30 

(1.72) 

Air  space  l,4an  (3/4  in) 

0.23 

(1.28) 

Gypsum  board  1,3cm  (1/2  in) 

0.08 

(0.45) 

Inside  surface 

0.12 

(0.68) 

Total  Itesistanoe 

0.86 

(4.84) 
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laHLE  VIII.    RESISraNCE  TO  HEAT  FLOW  OF  SOME 
OOftCN  INSUIAIION  MR3ERIflIS 


Type  of  msulation 


Besistanoe 
to  Heat  Flow 
(R-Value) 


BlanJcet  and  Batt: 
(fiberglass) 


5.1-6.9  an  (2-2  3/4  in) 
7.6-8.9  cm  (3-3  1/2  in) 
13.3-16.5  oti  (5  1/4-6  1/2  in) 


Loose  Fills 

Cellulose,  per  2.54  an  (in) 
Sawdust,  per  2.54  an  (in) 
Perlite,  per  2.54  cm  .(in) 
FlLiieral  fiber  (rode,  slag,  glass) 
7.6  cat  (3  in) 

11.4  an  (4  1/2  in) 

16.5  on  (6  V2  in) 
19.1  cm  (7  1/2  in) 

Venniculite,  per  2.54  an  (in) 


W 

1.23 
1.94 
3.35 


,65 
.39 
AB 

.58 
.29 
.35 
.23 


0.39 


h.ft^^'F 
Bta 


(7.00) 
(11.00) 
(19.ft0) 


(3.70) 
(2.22) 
(2.70) 

(9.00) 
(13.00) 
(19.00) 
(24.00) 

(2.20) 
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* 
* 

4 

1  '  ^-^^^^""""^ 

'^SULATION 
IMPROPERLY 
INSTALLED 

J^^^^^^  INSULATION 
PROPERLY 
INSTALLEO 

FIGURE  86.  Two  buildings  with  the  same  type  and  thiclcness  of  insulation  may 
not  have  the  sane  energy  efficiency. 


All  ^^pes  of  insulation  \<sr^  on  the 
prijnciple  that  air  is  trapped  in  the 
spaces  between  particles  or  layers  of  a 
itaterial^   Trapped  air  is  a  poor  heat 
conductor*    Sccae  insulators  OGnibine 
aluminum  foil  as  a  reflector  wxtli  other 
xxisulating  material^    Aliminuni  foil 
reflects  heat* 

Insulation  is  available  in  a  variety 
of  fcnns,  sizes  and  thicknesses,  loose- 
fill  is  one  of  the  few  types  of  insulation 
that  can  be  used  to  insulate  the  walls  of 
an  existing  building  without  removing 
the  wallloard  or  plaster  (Figure  87), 

loose-fill  insulation  consists  of 
snail  particles  of  ntineral  wool,  wood 
fibers,  or  vermiculite*    This  material 
can  be  poured  from  bags  between  ceiling 
joists  in  an  attic,  but  in  ^^alls  of 
existing  houses  special  eguipcnent  is 
required  to  blow  the  insulation  into  the 
crevices,    Atiiing  proper  amounts  of 
loose-  fill  insulation  to  an  tjninsulated 
structtjrre  can  easily  reduce  energy 
<xnsumption  ty  oner-half,. 


FIGUK£  87,  Loose-fill  insulation  maybe 
blown  in. 
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INSULATING  PANELS 


FIGURE  88-  Styrofoan  and  compressed 
organic  fibers  come  in  rigid  sheets* 


Insulating  panels  of  styrcfoam,  poly* 
urethane  and  compressed  organic  fibers 
are  effective  iraterials  when  placed  in 
proper  locations  in  buildings  (Figure  88)  • 
Tbesa  panels  are  oonnonly  used  on  flat 
roof  decks  being  put  in  place  before  the 
final  roofing* 

They  may  also  ,be  added  to  the  outside 
Trails. 

Flexible  insulation  is  available  in 
blankets  and  batts*    These,  roo,  may  be 
of  mineral  w»l/  -i^jood  fibers,  or  fiber- 
glass and  cotne  in  varying  thicknesses 
(Figure  89)  •    Standard  widths  are  41  and 
61  an  (16  and  24  in)»    Eatt  insulation 
is  installed  between  eKterior  vjall  studs 
and  ceiling  joists  in  residences  during 
construction* 

5>    EFFECT  CF  VRP3R  BftRRIERS 

As  ^^orm  air  ccoes  in  contact  with  a 
cooler  surface,  such  as  walls  and  wincJow 
janes,  water  vapor  in  the  air  condenses 
on  the  oooler  surface*    Khen  insulation 
is  used  in  walls  and  ceilings j>  noisture 
can  concJense  on  the  inside  surface  of 
the  insulation  if  an  eoctrone  tatperature 
difference  exists  between  the  rooa  and 
the  outside*    If  this  moisture  wor3cs  its 
way  to  the  insulation,  the  insulation 
beootnes  a  concJuctor  of  heat  and  loses 


much  of  its  value*    Tto  prevent  the 
passage  of  noistxice  from  the  interior 
of  the  room  to  the  insulation,  a  vapor 
barrier  is  desirable*    This  vapor 
barrier  is  simply  a  layer  of  non-porous 
paper,  plastic,  or  aluminum  foil  on  the 
inside  surface  of  the  insulating  naterial 
(Figure  90)  *    Should  noisture  collect  on 
the  vapor  barrier,  it  cannot  psiss  through 
to  the  insulation  and  it  eventually 
evaporates  into  the  roan*   Thus  the  insula^ 
tion  in  the  vail  renains  dry  and  effective* 


FIGURE  99,  Insulation  batts  or  fiber- 
glass * 


FIGURE  90+  A  vapor  barrier  is  used  to 
prevent  condensation  of  water  on  the 
cool  side  of  your  house* 


MOISTURE 
CONDENSES 

INTO   

WATER 

C 

!^;* 

i. .  ■ 

NO  VAPOR 
BARRIER 

1  WARM  MOIST 
J  AIR 

!«• 

COLO  SIDE  : 

!           WARM  SIDE 

■  L 

ill 

 VAPOR  BARRIER 

WARM  MOIST  AIR 
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FIGURE  91,  Much  heat  loss  and  gain  in 
buildings  is  through  air  infiltration. 


6>    Klrlr'iJL'r  OF  WEaTHERSTRIPPI&3G  AND  CAULKHIS 

Air  infiltration  is  a  robber  of  energy 
in  buildings  >        matter  how  much  insula^' 
tion  you  have,  if  there  are  cracks  vtiere 
oold  air  can  get  in,  you  are  ^ing  to  lose 
heat  (Figtire  91)  • 


7>    EFFECT  OF  tVINDOWS  AU)  DOORS 

Glass  is  a  poor  insulator*    So  the 
iTore  windows  ar^i  doors  you  have,  the  irore 
beat  loss  you  can  escpect*    For  exanple, 
a  house  with  several  (shaded)  wix^dows 
will  lose  Ttore  energy  than  one  with  a  few 
(Figure  92)  •   Ttijidows  may  be  used  to  an 
advantage  for  beat  gain  if  placed  on  the 
south  side* 

Windows  ard  doors  are  installed  to 
fit  loosely  enough  so  that  they  may  be 
opened  ard  shut  witii  little  effort* 
Therefore,  there  is  always  a  crack  around 
each  window  and  door  throtigh  which  heat 
can  escape  and  cold  air  can  blow  in* 
Eveai  if  a  building  is  thoroughly  insu- 
lated ard  furnished  Tvith  storm  windows 
and  doors,  the  cracks  and  openings  can 
xjp  to  a  large  soxjrce  of  heat  loss* 


FIGURE  92,  Windows  have  very  little 
resistance  to  heat  flow. 


Cold  window  .partes  create  a  draft* 
The  air  is  oooled  by  the  cold  window 
pane  and  the  colder  air  sinks  toward 
the  floor,  allowing  the  wanner  air  to 
move  toward  the  window  where  it  is  then 
oooled*   This  cooled  air  also  moves 
toward  the  floor  causing  a  constant  air 
motion  away  f rora  the  window,  at  floor 
level,  and  toward  the  window  in  the 
ijpper  half  of  the  room*    A  draft  ocmes 
from  the  window  and  is  sonetimes  confused 
with  a  draft  blowing  throtigh  a  crack  in 
the  frame  or  between  the  window  sash* 
Actually  this  "draft,"  or  air  motion, 
nDrmally  occurs  although  the  cracks  are 
sealed* 
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FIGURE  93-  btorm  windows  or  mulci-pane windows  save  energy- 


Staorm  windows  or  multi^pane  windows 
help  to  aLiiuinate  this  pcoblem  (Figure 
93)  •    They  provide  for  air  space  which 
is  resistant  to  oonductive  heat  flow 
between  two  or  three  panes  of  glass* 


8>    m'iJL'i*  OF  HSailg.  METBODS 

The  amount  of  energy  used  is  directly 
related  to  the  size  of  the  house  (Figure 
94)  *   You  sliould  consider  heating  and 
cooling  only  part  of  your  hone  if  it  is 
very  large* 


LARGE  HOUSE 


SMALL  HOUSE 


FIGURE  9^-  A  large  building  will  naturally  use  mor*B  energy  than  a  small  building. 
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SUPPLY  REGISTERS 


BONNET 


HIGH  RETURN 
REGISTER 


DAMPER 


SMOKE 


CONTROLLED 
FRESH-AIR  SUPPLY  BURNER/BOILER 


RADIANT 
CEILING 
CABLES 


^THERMOSTAT 


FIGURE  97,  Electric  radiant  syst^. 


FIGUKE  95*  Forced  air  system, 

All  heating  systens  bum  fu&L^  but 
sane  are  more  efficient  than  others* 
There  is  a  difference  in  efficiency 
of  equijinent  in  seme  systens*    But  the 
main  consideration  is  the  cost  of  fuel, 
vfeLdi  may  vary  with  your  locality  > 

Heating  systems  generally  used  are 
as  follows: 

-  Forced  air  (Figure  95) . 


-  HDt  water  (l^dronic)  CFigure  96)  • 

-  Electric  radiant  CFigure  97)  •  ^ 

*  Electric  resistance-  (Figure  9B)  * 

-  Heat  pmp  CFigure  99)  • 

-  Fireplace  CFigure  100)  • 

-  Stove  {Figure  100)  • 


HOT  WATER 
(HYORONIC)  SYSTEM 


FIGURE  96*  Hot  water  (hydronic)  system. 
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FIGURE  98*  Electric  resistance  system. 


FIGURE  100.  Fireplace  and  stove* 
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9>    EFFECT  OF  AIR  CQ^DmONIMG 

If  yoa  live  in  a  tenperate  zone, 
you  can  expect  to  use  abDut  as  much 
energy  to  cool  your  house  as  you  do  to 
heat  it  {Figure  101) ,    Here  you  are 
tryirig  to  prevent  heat  on  the  outside 
fron  becxDniing  equal  to  the  tCTperature 
on  the  inside, 

TbB  same  insulation  is  required* 
But  diirect  sun  light  should  be  shaded 
tran  windows* 


26*C  (80*F) 
INSlOE 


FIGURE  101*  In  some  areas »  it  takes  as 
much  energy  to  cool  a  houj=e  in  summer 
as  to  heat  it  in  winter* 

Mare  and  i.ore,  ^^p^icans  are  regarding 
air  csDnditioning  as  a  necessity,  rather 
-dian  a  luxury*  LVen  thouah  air  cooling 
is  only  3%  of  the  total  national  energy 
csDnsunption,  in  the  hot  rxnths  it  rises 
to  about  42%  of  total  energy  csDnsurrption* 

10,    EFFECT. OF  Vn^TTILATiaW  METHOD 

A  certain  amount  of  ventilation  is 
required  in  a  heme*    One  reason  is  for 
codifiDrt*   Another  is  for  cooling  in 
siioner*    Particularly  the  attic  should  , 
have  an  air  ejfl::hange  (Figure  102)  * 
Tenperatures  in  attics  tnay  get  as  high 
as  60^C  {140^F) * 

11>    NEW  METHODS  OF  HEATING  AE^  CQQ^*^ 

Passive  solar  systenis  are  helping  to 
reduce  energy  consur^ition. 


FIGURE  102-  Artie  cooling  vents  will 
save  energy  in  sumnier- 


12  >    m^hCi'  OF  LXGHTING 

Most  of  the  energy  us^  by  lighting 
is  in  the  form  of  heat*    Since  lights 
do  si^pply  some  heat  durir^g  winter^  it  is 
not  so  itrportant  to  turn  thaa  off  •  But 
in  surmer/  heat  front  lights  works  against 
the  air  conditioning  system. 

You  can  save  energy  by  planning  your 
lighting  so  that  it  is  the  nost  efficient 
(Figure  103)  •    Flwrescent  lights  give 
more  light  for  energy  used  than  incandes- 
cent lights* 


40  WATT 

40  WATT 

INCANOESCENT 

FLUORESCENT 

BULB 

BULB 

INCANOESCENT  BULB  GIVES  ABOUT  1/3 

AS  MUCH  LIGHT  AS  FLUORESCENT  BULB 

WITH  THE  SAME  AMOUNT  OF  ENERGY 

FIGURE  103 <  Plan  an  efficient  lighting 
system  to  save  energy. 
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13  >    iib'FR-T  OF  PUa-IBING 

Plunbing  can  be  designed  to  save 
enecgy*   Dripping  faucets  iose  energy, 
especially  hot  faucets*    It  is 

u^aally  rot  cost  effective,  however,  to 
insulate  residential  pipes* 

A  vater  heater  located  inside  the 
living  area  will  help  heat  the  house 
but  will  work  against  the  air  conditioning 
in  suncier  (Figure  104)  *    In  any  case,  the 
\citer  heater  should  be  well*insulated* 

\3hen  adding  insulation  to  gas  heaters, 
be  sure  to  provide  for  air  to  the  burner* 

14*    ENEROT-Lhl  lCliHT  AEPLIftHCES 

l^xzti  eDopbasijs  is  new  being  placed  on 
the  operating  efficiency  of  appliances* 
Mien  purctiasing  new  ^yliances,  you 
should  ccR^iare  efficiencies* 
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FIGURE  104*  Water  heaters  should  be 
well- ins ul at ed , 
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General  Recommendations  for  Energy  Efficiency  in  Residences 
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FIGURE  105,  Winter  degree  days  for  different  c^S^P^i*^  locations* 


General  reoonntendations  for  iiipxvvljng 
the  enexgy  efficiency  in  your  hone  are 
as  follows; 

1-   Caulk  all  cracks  and  joists- 

2,    T^therstrip  all  doors  and  windows- 

3-    Insulate  heating  and  ventilating 
pipes  and  ducts  if  they  are  in 
unconditioned  space  • 

Use  R2  for  pipes  and      for  ducts* 

4»    Provide  outside  ociribustion  air  to 
all  fossil  fuel  burners  • 

This  includes  wood  stoves  and  f  ire- 
pLaces- 

5-    Fit  fir^laces  with  a  glass-front 
seal- 


6-  Use  only  high-efficient  heating, 
air  conditioning  and  a^^liances- 
Heating  systans  should  not  be 
designed  for  greater  than  15% 
oversize*    £ER  ratings  should  be 
8  or  above* 

7-  Find  winter  degree  days  for  your 
locality  (Figure  105)  • 

For  inore  specific  infonnation, 
contact  your  Energy  Eictension 
Off  ice  • 

8»    Select  type  of  heating  fuel  you 
are  using  in  column  2,  Table  IX» 

9-    Find  R-^ralue  reccnniendea  for 
— ceilings,  vails  and  floors  for 
your  type  of  windows  and  doors- 

10-    R>llow  procedures  in  Parts  Two 
and  Three  fior  ODCi^JUting  nore 
accurately  the  heat  loss  and 
gain  and  selecting  and  installing 
materials- 
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WAYS  AND  MEANS  OF  REDUCING  .HOME  AND 
SMALL  BUILDING  ENERGY  USE 


IP-3. 


Strategies  and  Techniques  for  Reducing  Residential  and  Connnercial 
Energy  Consumption  i 


OBJECTIVE 


This  instructional  package  will  help  identify  strategies  that  may  be  used 
to  reduce  energy  consumption  in  small  buildings  and  homes.    When  finished  with  this 
instructional  package,  you  will  be  able  to: 

A-     Identify  major  means  for  reducing  residential  and  commercial  energy  con" 
sumption* 

B-     List  strategies  for  reducing  residential  and  commercial  energy  consump- 
tion- 


Home  Energy  Conservation  Primer,    Vogel,  Michael.    Morgantown,  West  Virginia: 
West  Virginia  University,  1980- 

Information  Sheet: 

Strategies  and  Techniques  for  Reducing  Residential  and  Commercial  Energy  Coo- 
sumpt ion >  1980,  lP-3,1-19. 


RESOURCES 


Book: 
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ACTIVITY 

A.     Review  instructional  package  resources  listed  on  previous  page. 

B,     List  rive  oj  sCracegies 
gories  listed  below: 

for  reducing  energy 

use  under  each  of  Che  cace- 

Minor  Appliances 

Land scaping 

1. 

1. 

2. 

2. 

3. 

3. 

4. 

4- 

5. 

5. 

Heating  System 

Coding  System 

I- 

1. 

2- 

2- 

3. 

3- 

4. 

4. 

5- 

5. 

Lighting 

Hot  Water  System 

I. 

I- 

2- 

2- 

3- 

3- 

4- 

4. 

5- 

5- 

Laundry  Appliances 

Cooking 

1- 

I- 

2- 

2- 

■■■■■'■■i^ 

3- 

3- 

■■..■vVi 

4- 

4- 

. '  -.  J 

5- 

5- 

■  ...^2 
■  ■  :  'rV^^ 

jERjC 

'  243 

223 

ACTIVITY  (Continued) 

Refrigeration  Systems  Building  Structure 

1 .  1. 

2.  2. 

3.  3. 

4.  A. 

5.  5. 
Check  your  responses  with  your  instructor* 

FEEDBACK 

Objective  A-B  Check: 

Check  your  responses  with  your  instructor* 


Instructor's  Approval 
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Strategies  and  Techniques  for  Reducing  Residential 
and  Commercial  Energy  Consumption 


Energy  conservation  is  on  the  rise  in  many  households  and  commercial  build- 
ings.   Industry  data  show  that  2-3  million  households  added  an  average  of 
4-5  inches  of  attic  insulation  during  1974,  1975,  and  1976*    Reports  in 
1977  suggest  a  figure  of  nearly  6  million*    Adding  4-5  inches  of  attic  insu- 
lation cuts  space  heating  needs  by  10-20  percent,  depending  upon  local  climate 
and  the  condition  of  the  house. 

Occupants  of  10  million  single  family  detached  homes    (22%  of  the  applic- 
able housing  stock)  took  action  to  add  energy-saving  f^^atures  in  1975*  The 
average  household  spent  $150  for  attic  insulation,  wall  insulation,  storm 
doors,  storm  windows,  caulking,  and/or  weather  stripping* 

The  number  of  nex7  heat  pumps  installed  in  homes  increased  rapidly  from 
61,000  in  1971  to  250,000  in  1976,  doubling  between  1975  and  1976*    Heat  pumps 
provide  winter  heating  with  approximately  60%  of  the  electrical  energy  required 
by  electric  resistance  systems.    This  increase  in  sales  is  particularly  signi- 
ficant becaxise  the  initial  investment  is  several  hundred  dollars  more  than 
for  a  conventional  system  supplying  electric  resistance  heat  and  central  air 
conditioning  * 

There  are  many  examples  of  individual  schools,  hospitals,  and  stores  whose 
"housekeeping"  changes  have  produced  large  energy  savings*    A  large  office 
building  in  Los  Angeles,  for  example,  cut  energy  use  45%  with  lower  lighting 
levels,  lower  thermostat  settings  for  winter  and  higher  ones  for  sunmier,  and 
Improx'ed  controls  on  heating-cooling  ventilation  systems* 

Federal  programs  have  had  a  major  Impact  on  energy  use  in  buildings  through 
federal  energy  legislation.    Although  federal  energy  policy  is  still  evolving, 
there  already  exists  a  substantial  amount  of  energy  legislation  that  has  pro- 
found includes  the  Energy  Policy  and  Conservation  Act  (EPCA),  the  Ener^ 
Conservation  and  Production  Act  (ECPA)  of  1976,  and  the  National  Energy  Act 
(NEA)  of  1978* 

The  stated  purpose  of  both  of  1975  and  1976  acts  is  to  increase  the  supply 
of  domestic  energy  through  productive  incentives  while  restraining  energy  de* 
mands  through  greater  conservation.    The  provisions  of  both  acts  are  highlighted 
in  Table  1. 
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GOVERNMENT  ENERGY  POLICIES 

Substantial  legislation  already  exists  dealing  with  energy*    At  the 
Federal  level  most  of  this  legislation  Is  aimed  at  curtailing  energy  con- 
sumption; at  the  state  level  much  of  it  encourages  the  use  of  solar 
energy;  and  at  the  local  level  the  einphasis  is  on  building  codes*  Re- 
gardless of  level,  parts  of  this  legislation  are  generating  real  estate 
market  changes* 

Existing  Federal  Energy  Legislation 

Although  Federal  energy  policy  is  still  evolving,  there  already 
exists  a  substantial  amount  of  energy  legislation  that  has  profound 
effects  on  the  real  estate  professional*    Specifically,  this  legislation 
includes  the  Energy  Policy  and  Conservation  Act  (EPCA)  of  1975,  the 
Energy  Conservation  and  Production  Act  (ECPA)  of  1976,  and  the  National 
Energy  Act  (NEA)  of  1978*  ' 

EPCA  and  ECPA 

The  stated  purpose  of  :both  the  1975  and  1976  Acts  is  to  increase 
the  supply  of  domestic  energy  through  production  Incentives,  while 
restraining  energy  demand  through  greater  conservation*    The  provisions 
of  both  Acts  are  highlighted  in  Table  II-l*    The  production  Incentives 
section  of  the  1975  Act  rolled  back  the  maximum  price  for  newly 
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TABLE  II-l.    HIGHLIGttrS  OF  EPCA  AND  ECPA 


A,  Highlights  of  EPCA  (1975) 

1,    Domestic  Supplies  and  Strategic  Petroleiim  Reserve 

-  incentives  for  coal  conversion 

-  export  restrictions 

-  prohibition  of  certain  lease  building  arrangements 

-  production  rate  requirements  (oil  and  natural  gas) 

-  reserves  of  up  to  I  billion  barrels 

2-    Standby  Energy  Authorities 

-  energy  conservation  and  rationing  contingency  plans 

-  export  restrictions 

3,  Improving  Energy  Efficiency 

*    automotive  fuel  economy  (27,5  mph  by  1980) 

-  constimer  product  labeling 

-  consiimer  product  energy  efficiency  standards 
consumer  education 

A,    State  Energy  Conservation  Plans 

-  fines  required  plus  si^plemental  programs  to  achieve 
5  percent  or  more  reduction  in  projected  1980  state- 
wide energy  consumption 

-  Federal  assistance  to  states 
B-    Indtistrial  Energy  Conservation 

-  voluntary^  reporting 

-  individual  industry  targets 
C,    Other  Measures 

-  Federal  energy  conservation  program 

-  recycling  of  oil 

4,  Petroleum  Pricing  Policy  and  Amendments  to  the  Allocation  Act 

5,  General  Provisions 

-  energy  data  base  i  ^ 

B.  Highlights  of  ECPA  (1976) 

I*    FEA  Amendments 
:  '  -    extended  lifetime  of  FEA 
-    enhanced  EPAA  (1973) 

*    created  Office  of  Energy  Information  and  Analysis 
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TABLE II-l*    HIGHLIGHTS  OF  EPCA  AND  ECPA  (Continued) 


2*    Electrical  Utility  Rate  Design  Initiatives 
load  management 

-  marginal -cost  or  time-of-day  pricing 

3-    Energy  Conservation  Standards  for  New  Buildings  (performance  type) 

-  NBS,  NIBS,  and  HUD  to  develop  by  1980 

-  Federal  financial  assistance  cutoff  to  areas  that  do  not 
adopt  and  implement  standards 

4.    Energy  Conservation  and  Renewable  Resource  Assistance  for 
Existing  Buildings 

-  weatherization  assistance  for  low-income  persons 
supplemental  state  energy  conservation  plans — pxiblic  education, 
intergovernmental  coordination,  and  energy  audits  required^ 

-  energy  conservation  and  renewable  resources  demonstration 
program  for  existing  buildings 

-  grants,^  low-interest  loans,  interest  subsidies,  and  loan 
guarantees  to  encourage  energysaving  retrofitting 

loan  obligation  guarantee  program  for  commercial  buildings 


Adapted  from  Department  of  Energy,  Organization  and  Functions  Fact  Bool:, 
(Washington,  D*C.,  1977) 
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discovered  oil  to  $7»60  a  barrel,  but  gave  the  President  authority  to 
raise  the  price  a  maximum  of  3  percent  per  year  in  order  to  encourage 
production*    Although  a  price  rollback  usually  stimilates  consumption 
and  thiis  tends  to  aggravate  a  shortage,  the  rollback  in  the  1975  Act 
was  envisioned  as  a  production  incentive* 

Dissatisfied  with  the  effect  of  the  1975  Act,  in  the  1976  Act  Congress 
encouraged  the  President  to  increase  the  price  of  newly  discovered  oil 
by  as  iDEUch  as  10  percent  per  year*    Additional  price  incentivies  for 
increased  production  include  the  elimination  of  price  controls  on  crude 
oil  from  stripper  wells  and  the  recommendation  that  the  President  provide 
price  incentives  for  various  enhanced  recovery  tedmi<jues» 

Intact  on  Real  Estate  Professionals 

The  1975  and  1976  Acts  also  directly  and  indirectly  affect  the 
business  e^qpenses  and  the  information  utilized  by  real  estate  profes- 
sionals*   To  encourage  energy  conservation,  the  1975  and  1976  Acts  [ 
include  product  labeling  requiraaents,  product  efficient  standards,  and 
consumer  education  programs* 

The  1975  Act  juandates  labeling  a  variety  of  products  with  their 
energy  efficient  ratings*    Just  as  all  automobiles  nnist  now  carry  labels 
indicating  their  fuel  economy,  their  estimated  annual  fuel  costs,  and  the 
range  of  fuel  econonqr  for  conipaxable  vehicles,  many  household  aj^liances 
will  also  have  energy  efficiency  labels*    Because  efficiency- labeled 
products  axe  often  included  in  the  real  estate  transaction,  the  real 
estate  professional  needs  to  be  knowledgeable  about  their  energy 
efficiency  ratings  (EER) .  ^  >  


The  National  Energy  Act   (N'EA)  was  by  the  95th  Congress  on 
October  15  ,  1978,   and  includes  f ive-^.S'B^arate  bills*  Provisions 
of  the  NEA  are  expected  to  result  in  reduced  imp or t s  by  1985 , 
increased  usage  of  fuels  other  than  oil  and  gas ,  and  more  efficient 
and  equitable  use  of  energy  in  general*     The  five  bills  of  the 
Act  are  these:  ,  , 

1*   P*L*   95-617:     The  Public  Utilities  Act 

2*   P.L.   95''618:     The  Energy  Tax  Act  ( 

3*   P*L*   95-619.:     The  National  Energy  Conservation  Policy  Act 

(NECPA) 

4*   P.L*   95-62O1     The  Powerplant  and  Industrial  Fuel  Use  Act 

5*   P.L*    95-621:      The  Natural  Cas  Policy  Act 
The  stated  purpose  of  these  bills  is  to  put  in  place  a  policy 
framework  for  decreasing  oil  imports ,  and  it  is  es t ima ted  that 
full  implementation  of  these  bills  will  save  at  least  2*5  million 
barrels  of  imported.^oil  per   day  by  1985* 
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Technical  changes  in  the  residential/commercial  sector  could 
lead  to  a  more  than  40  percent  reduction  In  its  fuel  requirements • 
A  careful  look  at  the  energy  actually  used  by  homes  and  commercial 
buildings  in  1973  suggests  a  wide  array  of  specific  opportunities 
for  energy  efficiency  improvertents •   Th^  more  important  technical 
improvements  include: 

o    Reduce  heating  losses  by  50  percent  with  better  insulation^ 
improved  windows  and  reduced  Infiltration;  this  reduction  is 
the  single  most  Important  step  in  this  sector  accounting  for 
about  one*ha1f  of  the  savings^ 

«    Substitute  heat  pumps  for  electric  resistance  heating* 

c   Cut  water  heating  fuel  requireraents  by  50  percent  through 
the  addition  of  more  insulation,  reduced  hot  water  teQperature 
settings^  and  the  use  of  solar  energy  or  heat  recovery  from 
other  appliances. 

^    Increase  the  efficiency  of  new  air  conditioners  and  refriger* 
ators.  and  introduce  total  energy  systems* 

o    Improve  lighting  systems  to  reduce  energy  requirements  for 
lighting  in  coirenercial  buildings  by  50  percent* 

The  possibility  of  making  these  improvements  has^^been  well 
docunented*    For  example^  it  has  been  shown  that  energy  xonsunption 
by  refrigerators  and  air  conditioners  varies  over  a  reaarkably  wide 
range*    In  the  case  of  refrigerators  energy  use  can  vary  by  a 
factor  of  two  within  a  single  class  of  size  and  features  with  Httle 
correlation  between  energy  requirements  and  first  cost.    In  addition 
to  the  opportunities  for  niore  efficient  appliances  and  space  heating 
systems^  the  energy  characteristics  of  most  buildings  themselves  can 
be  vastly  Improved*    New  buildings  can  be  economically  designed  to 
reduce  typical  space  heating  requirements  by  75  percent,  with  similar 
savings  achievable  In  many  older  buildings* 
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Potential  Annual  Fuel  Savings  In  the  Residential  Sector 
(percent  of  1973  total  energy  demand) 


Conservation  Potential 

Measures  Savings 

Replace  resistive  heating  with  heat  pumps  0.8 

Increase  air-conditioner  efficiency  0.5 

Increase  refrigerator  efficiency  0.4 

Cut  water  heating  fuel  requirements                       ,  1.4 

Reduce  heat  losses  4.4 

Reduce  air  conditioner  load  by  reducing  infiltration  0.5 

Introduce  total  energy  systems  into  1/2  multifamily  units  0.4 

Use  microwave  ovens  for  1/2  of  cooking  0.3 

Total  8*8* 


Potential  Annual  Fuel  Savings  in  the  Commercial  Sector 
(percent  of  1973  total  energy  demand) 

Conservation 
Measures 

Potential 
Savings 

Increase  air-conditioner  efficiency 
Increase  refrigeration  efficiency 
Cut  water  heating  fuel  requirements 
Reduce  building  lighting  energy 
Reduce  heating  requirements 

Reduce  air-conditioner  demand  with  better  insulation 
Reduce  air-conditioning  demand  by  reducing  ventilation 

rate  and  by  using  heat  recovery  apparatus 
Use  total  energy  systems  in  1/3  of  all  units 
Use  microwave  ovens  for  1/2  of  cooking 

0.5 
0.3 
0.4 
1.3 
3.0 
0.1 

0.1 
0.9 
0.1 

Total 

6.5* 

*Totals  may  not  add  due  to  rounding 

Source:    Adapted  from  M.M.  Ross  and  R,H.  VMlliams,  '*Energy  and  Economi 
Growth.**  published  in  Achieving  the  Goals  of  the  Dnploymcnt  Act  of 
1945-*Th1rtieth  Anniversary  Review  (Washington,  D.C.;  U.S. 
Goverrenent  Printing  Office,  1977). 

Attic  and  wall  insulation  can  be  increased.    Storm  windov/s^ 
storm  doors,  and  weatherstripping  can  be  added.   The  efficiency  of 
heating  and  cooling  can  he  raised  through  the  increased  use  of  heat 
pumps  Instead  of  electric  resistance  heating  and  by  the  substitution 
of  Improved  air  conditioners  and  oil  and  gas  furnaces.    And  new 

homes  can  be  built  with  many  **pass1ve  solar**  features  such  as  over- 
hangs»  large  southern  exposures,  and  moveable  Insulated  window 
panel s«4 

These  are  only  a  few  of  the  conservation  strategies  available  ^  - 
.  to  homeowners.    It  is  the  primary  purpose  of  this  '  m^Auw' 

^A4wt>iii^-^each  of  these  and  additional  strategies^ in  detail*  . 

232 

»  :  252 


!ERJC 


Exhibit  3*4  Butldtng  Checklist 

1.  Shade  walls  3ftd  pav^ed  areas  adjacent  to  the  building  to  reduce  solar  radiation  stnking  the  building, 

2,  Plant  deciduous  trees  for  their  summer  sun  shading  and  windbrtalc  effects  for  building  up  to  three 
stories, 

.  3.  Plant  coniferous  trees  for  summer  and  winter  sun  shading  and  windbreak  effects* 

4*  Cover  exterior  walls  wtth  planting  to  reduce  heat  transmission  and  solar  gain,  taking  care  that  the 
planting  will  not  have  deleterious  effects  on  the  building  material* 

5*  Plant  shtubs  or  lawn  between  the  buildJng  perimeter  and  sidewalk  to  reduce  heat  built-up* 

6*  Plant  lawn  between  sidewalk  and  the  street  to  rea:«ce  heat  build-up*  if  maintenance  is  possible  in 
view  of  the  amount  of  foot  traffic* 

7.  Consolidate  or«  where  feasible*  relocate  paved  areas  away  from  the  building  perimeter  artd  replace 
with  grass  or  other  vegetation  to  reduce  outdoor  temperature  build-up* 

8,  Use  ponds  and  water  fountains  to  reduce  ambtem  outdoor  ^  temperature  around  building* 
9*  Use  carpeting  for  thermal  comfort  particularly  over  stabs  on  grade* 

10*  Do  not  heat  parking  garages* 

1 1*  Reduce  ciack  areas  around  doors,  windows*  etc*,  to  a  minimum* 

12*  Provide  all  extemal  doors  with  weatherstnpping* 

13*  Be  sure  operable  windows  have  sealing  gaskets  and  cam  latches* 

14*  Provide  3ll  entrances  with  unheated  ^d  uncooled  vestibules  or  revolving  doors  when  not  in  conflict 
with  public  taw  and      safety  requirements* 

1 5*  Provide  vestibules  with  self-closing  weatherstripped  doors  to  isolate  them  from  the  stairwells  and  eleva* 
tor  shafts. 

16*  Seal  all  vertical  shafts. 

17.  Provide  windbreaks  for  ventilation  louvers* 

13*  Provide  exterior  shades  that  eliminate  direct  sunlight  but  reflect  light  into  occupied  spaces* 

19*  Slope  vertical  wall  surfaces  so  that  windows  are  self*shadtng  and  walls  below  act  as  light  reflectors* 

20*  Use  clear  glazing*  Reflective  or  heat  absorbing  fUms  reduce  the  quantity  of  natural  light  transmitted 
through  the  window* 

21*  In  climatic  zones  where  outdoor  air  conditions  are  suitable  for  natural  ventilation,  provide  operable 
windows*  Where  applicable*  allow  cross^entiiation  through  occupied  spaces. 

32*  Where  codes  or  regulations  require  operable  windows  and  tnnitration  is  undesirable,  use  windows 
^    that  close  against  a  sealing  gasket  * 

23.  To  reduce  air  CnfUtratton  quantities,  consider  one  or  more  of  the  following  measures: 

a.  Be  sure  fixed  glass  facades  ^e  adequately  gasketed  and/or  caulked* 

b*  If  possible*  use  permanently  sealed  windows  to  reduce  infiltration  in  climate  zones  where  this  is 
a  large  energy  user* 

34*  To  minimize  heat  gain  in  summer  due  to  solar  ladiatton.  consider  one  or  more  of  the  following: 
a*  Finish  roofs  »^th  a  light-colored  surface  having  high  emissivity* 

b.  Convert  to  reflective  surfaces*  \ 
c*  Install  roof  sprays-  ^ 
d*  Install  roof  ponds. 
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Exhibit  S*4 
(Continued) 

25,  To  lUow  the  use  of  natural  light  tn  zones  where  heat  losses  are  higfiener^tuers.  consider  oper- 
able ihermat  barriets, 

26,  To  take  adv3nta);e  of  natural  daylight  within  the  building  and  reduce  electrtcal  energy  consumption, 
consider  the  following: 

a*  Increase  window  size  but  do  not  exceed  the  point  where  yearly  energy  consumptlonp  due  to  heat 
guins  and  tosses,  exceeds  the  savings  made  by  using  natural  light, 

b*  Locate  windows  high  in  wall  to  increaife  reflection  from  ceiling. but  reduceglaie  effect  on  occupants* 

c.  Control  glare  with  translucent  drapes  operated  by  photo  cells. 

d.  Sun  controls  are  most  effective  when  designed  for  each  specific  orientation.  Horizontal  shading 
devices,  sui.^  as  awnings,  prevent  solar  gains  when  installed  on  southern  exposures*  On  east  and 
west  waits-  a  combination  of  horizontal  and  vertical  devices  are  needed  to  prevent  solar  gains. 
Vertical  sun  controls  rnight  simply  be  trees  and  shrubs, 

e*  Venetian  blinds  act  as  adjustable  solar  screens  and  can  cut  solar  gains  considerably* 

f,  Clo^d  draperies  ate  sometimes  more  effective  in  controlling  solar  gains  than  tinted  glass* 

g*  Exterior  touvered  solar  screens,  as  well  as  interior  shutters,  can  prevent  excessive  heat  loss  in 
addition  to  controlling  solar  gains*  Shutters  can  be  equipped  with  devices  to  seal  windows  at  a 
preset  time  or  temperatute* 

h.  Color  is  important  in  all  of  the  above  treatments.  Where  cooling  is  a  problem,  Venetian  blinds 
and  the  inside  and  outside  of  shutters  should  be  light  in  color  to  reflect  heat  and  light  away 
from  the  building.  Where  heating  and/or  light  restriction  are  desired*  the  use  of  dartc  draperies 
or  dark  shades  is  sensible. 

27,  Shelter  service  areas  from  sun  and  wind  with  screens  and  walls  and/or  by  judicious  planting  of  trees, 
28*  Consider  enclosing  service  and  delivery  areas  with  power-operated  doors. 

29,  Provide  options  such  as  covered  personnel  loading  and  unloading  ^tes  at  building  if  such  options  will 
encourage  car-pooling  or  use  of  mass  transit* 

30*  Evaluate  the  trade-offs  berween  heat  loss  and  heat  gain  on  each  exposure  with  particular  regard  to 
the  wind  and  the  sun. 

3 1 ,  Evaluate  the  utilization  of  daylight  versus  heat  loss  and  heat  gains  and  glare  problems  peculiar  to  each 
exposure* 

32*  Evaluate  the  beneficial  effects  of  direct  solar  radiation  for  heatingversus  the  adverse  effects  during  the 
cooling  season* 

33*  Evaluate  the  extent  to  which  alteration  of  the  building  envelope  wodd  maximize  energy  conservadon 
benefits  when  evaluating  all  the  trsde-offs, 

54*  Consider  insulation  with  low  water  absorption  that  dries  out  quickly  and  returns  to  its  original  thermal 
performance. 

35,  Protect  insulation  from  moisture  originating  outdoors,  since  effictency  decreases  when  the  insulation 
is  wet. 

36*  Provide  vapor  barriers  in  exterior  walls  and  roof  of  sufficient  impermeability  to  prevent  condensation* 
Vapor  barriers  are  required  on  the  interior  surface  or  exterior  walls  for  heating  and  on  both  interior 
and  exterior  walls  for  cooling  (with  ventilation  in  between)* 

37*  Locate  insulation  at  the  exrerior  surface  for  walls,  roof>  and  floors  nvsr  garages. 
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Exhibit  8.4 
(Continued) 

38.  If  possible*  insulation  should  be  located  not  only  On  the  outside  surface  of  a  wall  section,  but  also 
On  the  outside  of  the  structure  itself. 

39.  Where  floors  are  over  uoheated  spaces,  such  as  a  garage,  consider  suspending  a  ceiling  beneath  the  open 
floor  beams  with  batt  insulation. 

40.  In  cool  and  cold  climates,  consider  adding  perimeter  insulation  to  floors  on  grade.  This  can  sometimes 
be  added  vertically  to  the  grade  beams.  ,   

41.  Consider  the  use  of  the  insulation  type  which  can  be  most  efficiently  applied  to  optimize  thermal 
resistance  of  the  wall  or  roof 

42.  Avoid  thermal  bridges  through  the  exterior  surfaces. 

43.  Provide  textured  finish  to  external  surfaces  to  increase  the  external  film  coefficient* 

44.  Reduce  heat  transmissions  througji  the  roof  by  one  or  more  of  the  following  methods: 

a.  Increase  insulation. 

b.  Provide  sod  and  planting. . 

c«  Add  a  double  roof  and  ventilate  space  between. 

45.  To  minimize  heat  gain  in  summer  due  to  solar  radiation,  finish  walls  and  roof  with  a  light-colored 
surface  having  high  emissivity. 

46.  To  reduce  heat  loss  through  glass  windows,  consider  one  or  more  of  the  following: 

a.  Reduce  the  ratio,  of  glass  wall  and  window  area  to  opaque  wall  area. 

b .  Reduce  percentage  of  glazing  to  a  minimum  on  north  wall«  ' 

c.  Allow  direct  sun  on  windows  from  November  through  March. 

d.  Convert  todoubleglazing. 

e.  Convert  to  triple  glazing. 

f.  Replace  window  frames  that  form  a  thermal  bridge. 

47.  To  reduce  heat  gain  through  glass,  consider  one  or  more  of  the  following: 

a«  Reduce  the  ratio  of  glass  wall  and  window  area  to  opaque  wall  area. 

b.  Convert  to  double  glazing. 

c.  Convert  to  triple  glazing. 

d.  Consider  double  glazing  with  a  reflective  surface. 

e.  Reduce  percentage  of  exposed  window  glazing  on  the  south  wall. 

f.  Shade  windows  from  direcr  sua  from  April  through  Ocrober* 
g>  Use  Venetian  blinds  or  drapery  as  inrerio^  shading  devices. 

48.  Consider  the  use  of  solar  controls,  such  as  internal  or  exremal  shading  devices  to  manipulate  sunlight 
and  achieve  the  maximum  advantage  and  energy  savings  from  it. 

a.  Solar  shading  devices  used  ro  reduce  heat  gain  in  the  summer  are  most  effective  when  located  on 
the  exterior  of  the  building  and  particularly  effective  when  movable. 
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Exhibic  S  J  Lighting  Checklist 


K  Design  lighting  for  the  task. 

2.  Provide  the  tequited  illumination  for  visual  tasks  in  the  working  areas  only  and  appropriate  tower 
levels  in  the  general  areas*  such  as  corridors*  storage*  and  circulation  areas. 

X  Reduce  the  wattage  required  for  each  specific  task  by  Ttyiw  of  user  needs  and  method  of  providing 
tllumtnation.  ^ 

4,  Consider  only  the  amount  of  illuminatton  required  for  the  specific  task  in  view  of  the  duration,  the 
character*  and  the  user  P^formance  required. 

5,  Croup  Similar  tasks  rogpther  for  optimum  conservation  of  energy  per  floor. 

6,  Illuminate  tasks  wUh  fixtures  built  into  fumitureand  mdntain  low  intensity  lighting  elsewhere. 

7,  Consider  ^^11  washers  and  special  illumination  for  features  such  as  plants  and  murals*  in  place  of  over* 
head  lighting  to  maintain  proper  contrast  ratios. 

8,  For  horizontal  tasks  or  duties  consider  fixtures  whose  main  lighting  component  is  oblique  and  then 
locate  for  maximum  ESI  Toot  candle  on  task. 

'  9.  Avoid  decorative  flood  tilting  and  display  lighting. 

10.  Use  fixtures  that  give  high  contrast  rendition  ^t  task. 

1 1.  Reduce  lighting  requirements  for  hazards  by:  ^' 

a.  Use  oflight  fixtutesclose  toand  focused  on  hazard. 

b.  Increased  waming  of  hazards;  i,e.,  paint  stair  treads  and  risers  white  with  black  nosing?. 

1 2.  Keep  exterior  lighting  ro  a  mirumum  by  consideration  of  the  following: 

a.  Eliminate  exterior  lighting  except  where  lighting  is  to  be  used  for  the  purpose  of  identifying 
the  building  entrance  and/or  for  security. 

Consider  intnider^tivated  devices  rather  than  photo-  or  timc<ontrolled  iUumination  security 
luminaires. 

c.  Coordinate  street  Hghting  with  security  lighting  and  eliminate  duplication. 

d.  Use  high-efftciencyHght  sources  (high'pressure  sodium  or  HID  lamps). 

e.  Use  efficient  luminaires  (prismatically  controlled  lens,  rather  than  g^eral  diffuse  or  decorative 
geometric  forms). 

f.  Use  photo  cells  for  turning  on  exterior  lights  and  timeclodcs  for  turning  off  the  exterior  tights. 

13.  Consider  the  use  of  ballasts  which  can  acconunodate  sodium  metal-halide  bulbs  interchangeably  with 
other  lamps. 

14.  Selecr  the  most  efficient  light  sources. 

15.  Consider  using  250>watt  mercury  vapor  bmps  and  metal^halide  lamps  in  place  of  SOO^watt  in  can* 
descent  lamps  for  special  applications. 

1 6.  Use  lamps  with  higher  lumens  per  watt  input  such  as: 

a.  One  S'foot  fltiorescenr  lamp  versus  two  4-foot  lamps. 

b.  One  4-foor  lamp  versus  two  2<foot  lamps. 

c.  U^tubetampsversustwo  indivudallamps. 

d.  Ruorescent  lamps  in  place  of  all  incandescent  lamps  except  fbx  very  dose  task  lighttng*  such  as 
for  a  typewriter. 

17.  Consider  the  use  of  landscape  office  planning  to  improve  lighting  efficiency.  Approximat*  y  25%  less 
wattage  per  footcandles  on  tasks  is  possible  by  the  use  of  open  plaimirig  versus  partitions* 
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18,  Consider  the  us«  ofligjit  colors  for  walls^  floors,  and  ceilings  to  increase  te^ectance  (but  avoid  specular 
reflections), 

19,  Lower  the  ceilings  or  mounting  hetgjit  of  tuminaires  to  increase  the  level  of  illuininatton  with  less 
wattage* 

20,  Select  furniture  and  interiot  appointments  that  do  not  have  glassy  surfaces  or  give  spectilar  reflections, 
2L  Avoid  the  use  of  gl05$y  surfaces  on  the  task  and  its  surroundings* 

22*  Use  high  re^ectance  finishes  on  room  surfaces  (particularly  vertical  surfaces)* 

23,  Lay  out  the  luminaircs  for  visual  performance  rather  than  uniform  space  geometry* 

24,  Within  the  limits  of  the  tuminatre  supporting  system*  locate  the  tuminaites  as  dose  to  directly  over 
the  task  as  pO:f:£ibte  without  creating  excessive  reflections* 

25*  Locate  tuminaires  ju:it  beyond  the  ends  and  working  edge  of  the  desk.  Avoid  locating  luminaires 
directly  in  front  of  the  visual  task* 

26,  In  multiple  task  areas,  luminaires  should  be  located  between  the  desks  so  that  the  main  lighting  com- 
ponents originate  from  either  or  both  sides  of  the  desk, 

27,  Provide  proper  controls  for  the  luminaires* 

28*  Install  switches  for  lights  near  the  windows  so  the  lights  may  be  turned  otT  in  accotdance  with  the 
amount  of  daylight  available  at  any  given  time* 

29,  Luniinaires  should  be  selectively  switched  according  to  possible  gtouping  of  working  tasks  at  different 
working  hours. 

30,  Use  multiple  lamp  luminaires  so  that  one  lamp  may  be  switched  off  during  different  times  of  the  day, 
31*  Design  switch  circuits  to  permit  turning  off  unused  or  tmnecessaiy  lights* 

32*  Evaluate  the  use  of  low  voltage  (24  volts  or  tower)  switching  systems  to  obtain  maximum  switching 
capability, 

33*  Provide  timers  to  tum  off  lights  automatically  in  remote  or  sddom  used  areas* 

34,  Utilize  daylight, 

35,  Use  natural  illumination  in  areas  when  a  net  energy  conservation  gain  is  possible  vis-a^vis  heating 
and  cooling  loads* 

36*  Provide  exterior  teflectors  ai  windows  for  more  effective  internal  illumination* 

37.  C5e  thermally  controlled  luminaires. 

38.  When  space  and  codes  permit,  use  luminaires  which  will  allow  room  air  to  flow  through  the  lamp 
compartment*  When  supply  air  can  be  discharged  around  the  hood  that  is  built  around  the  luminolre* 
further  lighc  output  can  be  gained, 

39.  Keep  the  luminaires  in  good  working  condition- 

40*  Use  high  utilization  and  maintenance  factors  in  design  calculations  and  instruct  users  to  keep  fixtures 
dean  and  change  tamps  on  a  timely  basis, 

41 ,  Arrange  electrical  system  to  accommodate  relocatable  luminaires  which  can  be  removed  to  suit  change 
ing  furniture  layouts, 

42.  Use  multilevel  ballasts  to  permit  varying  the  lumen  output  for  fixtures  by  adding  or  removinglamps 
when  tasks  are  changed  ta  location  or  requirements* 

43*  Control  overtime  work  and  cleaning  periods. 
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Exhibit  3,14  Heating  System  Checklist 


f ,  Install  timers  On  boilers, Tans*  pumps«etc,«  where  *'unoccu pied**  condition  permits  shutdown, 

2,  Use  electric  ignitions  in  place  of  gas  pilots  for  gas  burners. 

3,  Extract  waste  heat  from  boiler  flue  gas  by  various  methods  such  as  extended  surface  coils^  heat  pipes« 
flue  gas  condensate,  heat  exchanger  (reclamation  of  latent  heat  in  flue  gas),  etc, 

4,  Retain  coal  burning  facilities*  coat  storage  rooms*  stokers,  etc,  for  primary  or  secondary  fuel  use, 

5,  Use  fuel  such  as  bark  or  sawdusi  in  areas  where  such  is  a  dependable  source  of  fuel, 

6,  Consider  the  use  of  thermal  storage  in  combination  with  heat  pumps  and  a  hydronic  loop  so  excess 
heat  during  the  day  can  be  captured  and  stored  for  use  at  night, 

7,  Replace  old  inefficient  burners  with  new  efficient  Ones, 

8,  Install  heat  pumps  (both  water/air  and  air/air)  to  maximize  use  of  continuing  low-grade  heat  sources, 

9,  Preheat  combustion  air  to  increase  boiler  eHidency,  Manufacturer'^s  recommendations  to  be  followed, 
10.  Redu<;e  blowdown  losses  by  installing  automatic  blowdown  controls  and  heat  recovery  systems, 

IE,  Replace  existing  boilers  with  modular  boilers, 

12,  Replace  boilers  when  necessary  with  new  boilers  matched  to  current  needs, 

13,  Insulate  existing  underground  heating  tines  where  piping  is  in  good  condition, 

14,  Convert  to  a  tow  pressure  system  to  improve  the  heating  system's  aimual  operating  efficiency, 

15,  Install  a  boiler  stack  economizer  to  recycle  exliausi  heat, 

16,  Preheat  oil  to  increase  efficiency. 

17,  Add  controls  capable  of  providing  J  00%  shut-down  of  air  and  water  to  unoccupied  space, 

18,  Install  turbulators  in  boiler  tubes  to  increase  the  heat  transfer  from  hot  gases  to  the  water  side, 

19,  Install  automated  damper  controls  to  provide  positive  draft  shut-off  when  the  boiler  is  not  operating, 

20,  Isolate  off-line  boilers  during  U^t  heating  loads, 

21,  Recalibrate  existing  stack  temperature  gauge  or  install  new  one. 

22,  Connect  space  heating  hot  water  pumps  to  time  docks  to  operate  when  ihe  boilet  is  on  line. 

23,  Install  thermostats  for  control  of  all  heating  equipment, 

24,  Inspect  insulation  of  all  mains^  risers  and  branches,  economizers,  and  condensate  receiver  tanks, 

25,  Install  an  automatic  night  thermostat  to  control  steam  pressure  during  ni£^i  hours, 

26,  Inspect  boiler  door  gaskets  for  tight  seal, 

27,  Install  automatic  steam  control  valves  on  radiators  to  reduce  the  need  for  opening  windows  in  over* 
heated  rooms,  . 

28,  Inspect  nozzles  or  cup  of  oil-fbed  units  on  a  regular  basis.  Clean  as  necessary. 

29,  Heat  transfer  surfaces  of  radiators^convectors*  baseboard  and  fmned-tube  must  be  kept  dean, 

30,  Keep  heat  transfer  surfaces  of  all  electric  heating  units  dean  and  unobstructed- 

31,  Ventilare  hydronic  units  to  enable  hot  water  to  drctilate  freely  throuf^out  the  system, 

32,  Eliniinate  hot  standby  boilers^  " 

33,  Operate  miniinum  heating  water  pumps  when  necessary, 

34,  Examine  operating  procedures  when  more  than  one  boiler  is  involved  for  excessive  heating  loss, 

35,  Check  flue  gas  analysis  on  a  periodic  basis  to  make  sure  burner  i^  adjusted  to  achieve  proper  stack 
temperature, 

36,  Adjust  air/fuel  ratios  of  firing  equipment  to  specifications. 
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(Continued) 

37.  Inspect  boilers  for  scale  deposits*  accumulation  ofsediment  on  water  side  surfaces. 

J8*  Inspect  linkages  periodically  for  tt^^tness.  Adjust  when  slippage  or  jerky  movements  observed. 


40.  Inspect  fireside  of  the  furnace  and  tubes  for  deposits  of  soot  ^flyash*  and  slag* 

41.  Observe  the  fire  for  faulty  solenoid  valve  when  the  unit  shuts  down. 

42*  Check  automatic  temperature  control  system  and  related  control  valves  to  ensure  proper  regulation 
of  system* 

43.  Inspect  zone  shut<off  valves  to  make  sure  they  can  shut  off  steam  to  unoccupied  areas. 

44.  Check  accuracy  of  recording  pressure  gauges  and  thennometers. 

45*  Inspect  electric  heating  elements,  controls,  and  fans  on  a  periodic  basis  to  ensure  proper  functioning* 
46*  Check. reflectors  on  infrared  heaters  for  proper  beam  direction  and  cleanliness. 

47.  Listen  to  steam  t^aps  to  determine  if  they  are  opening  and  closing  when  required. 

48.  Clean  mineral  or  corrosion  buildup  on  gas  burners* 

49*  Inspect  all  boiler  insulation,  refractory,  brickwork,  and  boiler  casing  for  hot  spots  and  air  leaks* 
50*  Check  burner  firing  period  for  sign  of  faulty  controls. 

51.  Inspect  oil  heaters  to  ensure  that  oil  temperatures  are  being  maintained  according  to  recommendations* 

52.  Inspect  oil  line  strainers*  Replace  if  dirty* 

53.  Readjust  damper  control  to  maintain  proper  draft  under  both  low  and  hi^  fUe* 

54*  Tum  off  the  boiler  natural  gas  standingj>ilor  during  the  summer  months  when  boiler  is  shut  down. 
55*  Determm^if  all  installed  hearing  is  necessary* 

56*  Calibration  of  all  instruments  should  be  checked  annually  and  corrected  if  inaccurate* 
57*  Inspect  coal-fired  stokers. grates,  and  controls  foreHicient  operation* 
58*  Check  and  repair  oil  leaks  at  pump  glands,  valves,  or  relief  valves* 

59*  Measure  with  the  gas  meter  the  ftiel  consumption  of  the  boiler  on  manual  vs.  automatic  firing* 
60.  Adjusr  the  boiler  for  low  fireduringspTing.summer,  and  fall* 

61*  Operate  one  boiler  during  most  of  the  winter  heating  season  and  during  entire  season  if  possible. 

62*  Turn  off  heating  system  30  minutes  before  the  building  will  be  unoccupied* 

63*  Reduce  the  space  heating  hot  water  temperature  to  heating  needs* 

64.  Shut  off  or  remove  heating  units  From  vestibules^  lobbies,  and  corridors* 

65*  Heat  store  rooms  only  if  necessary  for  protection  of  stored  contents. 

66.  Do  not  heat  parking  garages*  ^  ^ 

67.  Lower  steam  pressure  to  the  standard  minimum* 

68*  Revise  fan  drive  or  trim  pump  impeller  for  required  flow  with  no  throttling  in  existing  systems  where 
throttling  is  necessary* 

69*  Install  door  giill  in  inside  furnace  room  door     provide  adequate  combustion* 

70*  To  reduce  steam  piping  heat  losses,  valve  off  steam  headers  in  the  boiler  room  to  individtial  airhandlirig 
units  when  they  are  off* 

71*  l^rea  temperaturecontrolexpertto  check  and  adjust  all  system  controlsand  recommend  modiftcations* 
72*  Reinsulate  some  of  the  steam  piping,  especially  near  the  air  handling  units. 

73*  Change  fans  and  pumps  from  steam  to  electric  motor  devices  to  permit  reduction  of  steam  pressure 
in  mild  weather* 


39*  Keep  a  daily  logof  pressure,  temperature,  and  other  data  obtained  from  instruments. 
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Exhibit  SJS  Cooling  System  Checklist 
L  Operate  only  necessary  chilled  water  pumps  and  cooling  tower  fans. 

2.  Consult  with  manufacturer  to  determine  if  ccoUng  equipment  can  be  shut  down  when  outside  tempera* 
tures  are  below  certain  levels. 

3.  Eliminaf*  cooling  building  during  unoccupancy. 

4.  Insulate  existing  underground  chilled  water  piping  if  there  is  an  excessive  heat  loss  indicated. 

5.  For  cooling  only  (or  primarily  eooling)  systems,  relocate  the  fan  motor  outside  ofth^  conditioned  air 
stream. 

6.  Select  high  efficiency  pumps  that  matdi  load.  Do  not  oversize. 

7.  Use  modular  pumps  to  give  varying  flows  that  can  match  varying  loads. 

8.  Replace  single -speed  fan  motors  with  multi^speed  motors. 

9.  For  existing  cases>  sucit  as  conference  rooms^  where  air-cooled  packaged  air  ccndittoners  may  be 
installed  and  100%  outside  air  remains  unnecessary*  route  exhaust  air  from  space  to  supply  cooler* 
than-outside  air  to  the  condenser. 

10.  To  enhance  the  possibility  of  using  waste  heat  from  other  systems,  design  air  handling  systems  to 
circulate  sufHcient  air  to  enable  cooling  loads  to  be  met  by  60^F  air  supply  temperature. 

1 1.  Select  chillers  that  can  operate  over  a  wide  range  of  condensing  temperatures  and  then  consider  the 
followii^: 

a.  Use  a  double  bundle  or  cascade  arrangment  of  condensers. 

b.  When  waste  heat  cannot  be  used  directly  or  stored*  operate  the  chiller  at  the  lowest  possible 
condensing  temperature  compatible  with  equipment  limitations  and  with  ambient  outdoor 
conditions. 

12.  Consider  operating  chiUers  tn  series  to  increase  efficiency  on  standard  duty  and  cascade  heat  recovery 
systems. 

13.  Consider  chitted  water  storage  systems  to  allow  chillers  to  operate  at  night  when  condensing  tempera* 
tures  are  lowest  and  to  allow  smaller  sizes  of  equipment. 

14.  Add  condensers  (additional  heat  exchanger)  to  chillers  for  lower  fouling  factor  and  lower  condensing 
temperatures. 

15.  Consider  the  use  of  double  bundle  evaporators  ^  that  chillers  can  be  used  as  heat  pumps  to  upgrade 
stored  heat  for  use  in  unoccupied  periods. 

16.  Install  automaticvalves  on  cooling  tower  bleed  to  avoid  excessive  bleed. 

17.  Use  adiabatic  saturation  (evaporative  cooling)  to  reduce  temperature  of  hot  dry  air  toextend  the  period 
of  time  when  **free  cooling**  can  be  used. 

18.  Use  outdoor      for  sensible  cooling  whenever  conditions  permit  and  when  recaptured  heat  cannot 
be  stored. 

19.  For  100%  outside  air  systems  (laboratories*  etc.)«  consider  pre^ooiing  coils  using  the  cooling  tower 
as  the  cooling  source  either  alone  or  in  conjunction  with  the  refrigeration  plant. 

20.  Design  chilled  water  systems  to  operate  with  as  higji  a  supply  temperature  as  possible. 

21.  Consider  atmospheric  or  induced  draft  type  cooling  towers  for  least  energy  use. 
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Exhibits.  15 
(Continued) 

22.  In  lieu  of  exhausting  air  directly  to  atmosphere  on  outside  air  cyde^  route  air  to  cool  such  spaces  as 
occupied  storerooms. 

25.  [naeascthenumberofcooHngtowerssothat: 

a.  Fan-off  atmospheric  cooling  may  be  obtained. 

b.  Low  condensing  water  temperature  may  be  obtained. 

24.  In  the  summer  when  the  outdoor  air  temperature  at  nif^t  is  lower  than  indoor  temperature*  use  full 
outdoor  air  ventilation  to  temove  excess  heat  and  precoot  the  struaure. 

25.  Replace  inefficient  air  conditioners. 

26.  Calibration  of  all  instruments  should  be  checked  annually  and  corrected  if  inaccurate. 

27.  Check  and  repair  oU  teaks  at  pum  p  glands^  valves  or  relief  valves. 

28.  Turn  off  cooling  system  30  minutes  before  the  building  wtll  be  unoccupied. 

29.  Relocate  the  hn  motor  outside  of  the  conditioned  air  stream  for  <^<^liiig  systems. 


1.  To  reduce  fan  horsepower,  do  following: 

a*  Design  duct  systems  for  lowest  possible  pressure  loss. 

b.  Use  high  efficiency  fans. 

c.  Use  tov-- pressure  toss  niters. 

2.  Rqplace  ^gle  speed  fan  motors  with  multi-speed  motors. 

5.  In  principle*  select  the  air  handling  system  wtiich  operates  at  the  lowest  possible  air  velocity  and 
static  pressure. 

4,  Reduce  or  eliminate  air  leakage  from  duct  work  and  from  around  coils. 

5,  Provide  outdoor  air  directly  to  the  perimeter  of  exhaust  hoods  in  kitchensJaboratories^  etc. 

6.  Transfer  air  from  ^""dean"  areas  to  more  contaminated  areas  (toilet  rooms*  heavy  smoking  areas) 
rather  than  su^y  fresh  air  to  all  areas  regardless  of  function. 

7,  Reduce  the  energy  required  to  heat  or  cool  ventilation  air  from  outdoor  conditions  to  interior  design 
conditions  by  doing  the  following:  Reduce  indoor  air  temperature  setting  in  winter  and  increase  in 
summer  except  with  existing  reheat  systems. 

8.  Consider  omitting  heating  coHs  in  units  serving  interior  spaces. 

9.  Exchange  heat  between  outdoor  air^  intake^  and  exhaust  air  by  u^g  heat  pipes*  thermal  wheels*  run- 
around  systems*  etc 

10.  Consider  the  use  of  spot  heating  and/or  cooling  in  spaces  having  targe  volume  and/or  low  occupancy. 

1 1 .  Design  HVAC  system  so  it  does  not  heat  and  coot  air  strnvjltaneously. 

12.  Do  not  use  temunal  reheat  system. 

15.  Use  reheat  for  humidity  control  only  where  warranted  by  an  industrial  type  of  process. 

14.  Consider  converting  terminal  reheat  and/or  dual  duct  systems  to  variable  air  volume  systems  of  tti^ 
type  that  are  low  in  maintenance  and  require  no  external  controls. 


Exhibit  S.16  Heatings  VentOattng  and  Air  Conditionir^  System  Checklist 
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15.  Construct  enclosures  around  rooftop  units  to  reduce  tadiation  and  wind  losses  from  exposed  ducts. 

)6.  Inspect  thermostat  locations.  Relocate  if  they  currently  are  positioned  near  ?:eas  subject  to  outside 
drafts. 

)7.  Balance  mechanical  ventilation  and  provide  building  static  pressure  control  so  that  supply  air  equals 
or  exceeds  exhaust  air  quantity. 

Id.  Replace  outside  air  dampers  with  low  leakage  type. 

19.  Operate  exhaust  fans  only  when  needed.  Install  separate  time  clocks  to  regulate  cycles. 

20.  Install  individual  time  clocks  for  each  fan  unit. 

21.  Install  a  central  control  panel  for  all  building  systems. 

22.  Consider  heat  recovery  or  exchange  between  make-up  and  exhaust  air. 

23.  Add  automatic  controls  to  shut  down  the  ventilation  system  whenever  the  building  is  closed  for  an 
extended  period  of  time. 

24.  Add  a  warmHjp  cycle  to  air  handling  units  with  OL^idoor  air  intake. 

25.  Modify  duct  systeins'  and  hoods  to  introduce  v    '  -red  outdoor  or  return  air  directly  to  the  exhaust 
hood* 

26.  Insulate  all  ductwork  carrying  conditioned  air  through  unoccupied  spaces. 

27.  Reduce  fan  power  input  equipment  by  reducing  air  volume. 

2d.  Install  bafHes  to  prevent  wind  from  blowing  directly  into  outdoor  air  intakes. 

29.  Adjust  oversized  exhaust  hoods  so  no  more  ^r  than  necessary  is  exhausted. 

30.  Use  exhaust  hoods  in  necessary  rooms  only  while  operations  are  underway. 

3 1 .  Cover  all  window  and  througJi*the*wall  cooling  units  when  not  in  use. 

32.  Establish  a  ventilation  operation  schedule  so  that  the  exhaust  system  operates  only  when  it  is  needed. 

33.  Inspect  all  outdoor  air  dampers  to  make  sure  they  are  airtight.  Inspect  position  indicators  for  accuracy 
(dampers). 

34.  Reduce  outdoor  air  to  the  minimum  required  to  balance  the  exhaust  requirements  and  maintain  po^* 
tive  pressure. 

35.  Adjust  the  automatic  day-nigjit  settings  to  operate  ventilation  units  fewer  hours  during  the  day  cycle. 

36.  Reduce  mechanical  ventilation  in  proportion  to  amount  of  building  ventilation. 

37.  Operate  the  ventilation  system  only  when  the  office  is  occupied. 

38_  Gean  debris  from  unit  ventilators  to  permit  more  efficient  operation. 

39.  Gean  the  filters  more  often  to  increase  the  overall  efficiency  of  the  air  handling  units. 

40.  Use  full  outdoor  air  ventilation  to  remove  excess  heat  and  pre-cool  the  structure  to  reduce  air  condition 
load  in  the  summer. 

41.  Increase  mixed  air  temperature  during  summer  to  minimize  the  air  conditioning  and  reheating 
requirements. 

42.  Change  all  fresh  air  limit  control  settings  to  make  them  consistent. 

43.  Gose  outdoor  air  dampers  tigjidy  during  tmoccupied  periods. 

44.  Post  instnictions  on  each  operable  window  to  keep  dosed  while  the  building  is  being  heated  or  cooled* 
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Exhibit  SJ7 Piocess  Encfigy  Checklist 


Process  Steam 

1.  Check  steam  system  for  leaks  and  condition  of  steam  traps  and  Insulation. 

2.  If  condensate  is  discharged  to  drain,  can  the  heat  be  recovered? 

3.  Can  condensate  be  returned  to  boiler  if  there  ts  no  possibility  that  it  can  become  contaminated?  , 

4.  Can  boiler  be  cycled  by  time  clock  controls  to  match  hours  of  production? 

5.  Gean  coils  and  heat  exchangers  on  regular  basis  to  maintain  eHtdency. 

6<  Does  boiler  have  a  water  treatment  program  for  scale«  cOfTOSion«  and  soUds? 

7.  Ifboiler  has  continuous  blou*down,  can  the  blowdown  be  used  to  heat  make*up  water? 

S.  Can  an  economizer  be  Installed  on  boiler? 

9.  If  smalt  process  load  is  served  by  heating  bo3er^  can  a  smalt  steam  generator  be  used  during  non*heat* 
Ing  season? 

10.  Can  use  of  steam  for  heat  in  a  process  be  replaced  by  a  more  efficient  source? 

11.  Is'heat  necessary?  Example:  Use  of  a  cold  cleaning  process  In  place  of  a  hot  cleaning  process. 

Compressed  Air 

1 .  Check  lines  and  fittings  for  leaks. 

2.  Can  compressed  air  be  replaced  with  another  more  efHcient  energy  source?  Example:  Use  small  electric 
conveyo  r  t  o  remove  pans  instead  of  comp  ressed  air. 

3.  Can  air  comp,«;ssor  be  placed  on  time  dock? 

4.  Can  heat  from  compressor  be  used  for  space  heating? 

5.  Can  compressor  be  staged  to  come  ori  with  load? 

6.  Use  outside  air  for  compressor  inlet  to  reduce  energy  by  compressing  cooler  Bir. 

General 

1.  Are  motors  st2ed  correctly? 

2.  Are  ventilation  fans  controlled? 

3.  Can  waste  heat  be  recovered  from  process  to  pre-heat  or  for  space  heating? 

4.  Is  equipment  being  used  at  eHtdent  load  levels? 

5.  Install  turbulators  in  radiant  heat  treat  furnace. 

6.  Reduce  ventilation  systems  to  minimum  by  dose  capture  hoops. 

1,  Ttirn  equipment  off  during  breaks  and  lunch  periods.  Be  careful  not  to  turn  them  all  back  on  at  once 
and  create  a  costly  electrical  demand  peak. 

S.  ConsideT  energy  usage  and  cost  on  new  purchases  or  processes. 

9.  Does  the  plant  have  alternate  fuet  sources  for  process? 

10.  Can  waste  oils  be  recovered  for  burning  in  botler? 

11.  Can  waste  hsat  from  Incinerators  be  recovered? 
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POST-CHECK 


WAYS  AND  MEANS  OF_.KEDUCING  HOME  AND 
SMALL  BUILDING  ENERGY  USE 


Take  a  walk  around  the  outside  of  your  house  and  throughout  the  inside  of 
your  home.    Make  a  complete  list  of  area  you  believe  could  be  improved  to  save 
energy.    In  addition,  list  strateg{ies)  you  could  use  to  reduce  energy  con" 
sumption.    Record  all  observations.    Keep  this  list  as  you  work  through  the 
other  modules.     Show  your  instructor  to  give  approval  of  your  task. 


Instructor's  Approval 


2AA 


MODULE  TEN 

PRINCIPLES  AND  PRACTICES  OF  HEAT  LOSS  AND  GAIN 


Prepared 


by 

Michael  Vogel 
Technology  Education  Program 
West  Virginia  University 
Morgantown^  WV 


USDOE  Sponspored  Faculty  Development  Workshop  on  Energy 
Conservation  for  lAE  at  North  Carolina  State  Universitjr 


Jme  1981  -  R.E,  Wenig,  Director 
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PRINCIPLES  AND  PRACTICES  OF  HEAT  LOSS  AND  GAIN 


The  understanding  required  by  the  Industrial  Arts  teacher  to  adequately 
teach  energy  conservation  in  homes  and  small  buildings  involves  heat  loss  and 
gain.    The  needed  knowledge  comes  frora  basic  thermodynamics ^  as  applied  to 
materials^  structures^  and  practices  related  to  heat  loss  and  gain. 

TERMINAL  PERFORMANCE  OBJECTIVE 

Upon  completion  of  this  module^  you  will  be  able  to;     identify^  define ^ 
and  apply  concepts^  principles,  and  formulas  associated  with  heat  transfer^ 
measurement  units^  and  other  necessary  factors  used  for  the  determinatioh  of 
heat  loss  and  heat  gain  for  residential  structures  and  small  buildings. 

INSTRUCTIONAL  PACKAGES  -  KKOW  NEED 


IP-1.        Heat  and  Mechanisms  of  Heat  Transfer 
IP-2.        Heat  Loss/Gain  Equations 
IP-3.        Seasonal  Fuel  Use  and  Costs 
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PKE-CHECK 

PRINCIPLES  AND  PRACTICES  OF  HEAT  LOSS  AND  GAIN 


Directions:      Place  a  "T"  if  the  statement  is  true,  or  an  "F"  if  the  statement 
is  false. 


lP-1 


5. 


_6. 

9. 


10. 


lP-2, 


5. 


Heat  and  Mechanisms  of  Heat  Transfer 

A  BTU  is  a  measure  of  heat  energy  quantity. 

Conduction  heat  flow  is  caused  by  electro-magnetic  transfer. 

Convection  heat  flow  cakes  place  through  solids. 

Radiation  heat  flow  i-"^  caused  by  warm  air  rising  and  cold  air  sinking. 

Keat  energy  coming  from  a  fireplace  is  an  example  of  convection  heat 
flow< 

Infiltration  is  created  by  temperature  differences. 

The  symbol  Q  means  heat  loss. 

Qcv  meani>  convective  heat  loss, 

Qi  means  heat  transfer  by  infiltration. 

Qc  means  conductive  heat  loss. 

Heat  Loss/Gain  Equations 

K  value  is  thermal  conductivity, 

C  value  is  thermal  conductivity  through  one  ft,  of  homogeneous  mater- 
ial one  inch  thicks  in  an  hour^  for  each  degree  fahretiheit of  tempera- 
ture difference- 

U  value  is  thermal  resistivity  or  the  reciprocal  of  thermal  conduct- 
ance . 

R  value  is  the  thermal  resistivity  of  a  material  to  heat  flow, 

U  value  is  the  coefficient  of  transmission  or  the  reciprocal  of  the 
total  thermal  resistance  of  a  material  to  heat  flow< 

The  crack  method  and  air-exchange  meLh^  are  two  common  methods  to 
determine  Sol-Air-temperature, 
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PRE-CHECK  CContinuted) 
PRINCIPLES  AND  PRACTICES  OF  HEAT  LOSS  AND  GAIN 

» 

Conduction  heat  transfer  is  calculated  using  the  equation  UA  CAT). 

Infiltration  is  calculated  using  the  equation  .018  (Qc)  CAT). 

U  value  is  calculated  by  adding  all  R  value  and  dividing  the  total 
resistance  by  a  factor  of  1- 

The  equation  for  determining  the  cool  load  of  a  building  is  VA  (ETD) 
Seasonal  Fuel  Use  and  Costs 

The  equation    24  hd  (ti-'ta)  can  be  used  to  determine 


seasonal  heat  loss> 

T  refers  to  a  difference  in  temperature  between  two  surfaces* 
The  equation  to  determine  seasonal  fuel  use  is  Q  x  D  x  24. 


The  equation  Qs  CD  x  CF  can  be  used  to  determine  seasonal  heat  loss* 


ti  means  inside  temperature- 
To  is  used  to  determineAT. 

H  means  hourly  heat  loss  from  the  building  for  the  design  conditions 
h  means  seasonal  heat  loss  in  BTU. 


ti-to 


AT 


Y  X  V 


means  full  load  efficiency  of  a  heating  system- 


PRE'-CHECK  KEY 


PRINCIPLES  AND  PRACTICES  OF  HEAT  LOSS  AND  GAIN 


IP-1*        Heat  and  Mechanisms  of  Heat  Transfer 

i.    True  6-  True 

1,     False  7,  True 

3.  False  False 

4.  False  ^             9.  True 

5.  False  10,  True 

IP-2<        Heat  Loss/Gain  Equations 

1 ,  True  6-  False 

2.  False  7,  True 
3-     False  Palse 

4,  False  9.  True 

5.  True       .  iO*  True 

IP-3*        Seasonal  Fuel  Use  and  Costs 

i  <    True  6-  True 

2,  True  7,  False 

3,  True  S-  False 

4,  False  9-  True 
5  -  True 
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PRINCIPLES  AND  PRACTICES  OF  HEAT  LOSS  AND  GAIN 


IP-l- 


Heat  and  >techani^s  of  Heat  Transfer 


OBJECTIVES 

This  instructional  package  will  help  you  to  identify  the  principles  of 
heat  transfer  in  the  home  and  small  buildings.    At  the  completion  of  this 
instructional  package,  you  will  be  able  to; 

A-     Define  heat. 

B.  Distinguish  and  define  four  transfer  mechanisms. 

C.  Define  other  characteristics  of  heat  as  they  relate  to  the  determination 
of  heat  loss  in  the  house. 

RESOURCES 

The  following  resource  is  provided  for  you  to  use  in  attaining  the  objectives 
Information  Sheet  IP-l^  l-^l  through  1-4  -  "Heat  and  Mechanisms  of  Heat  Trans- 


fer. 


M 


> 
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ACTIVITY 

A*     Review  XnsCruccional  Package  resources  listed  below: 
1*      "Heat  and  Mechanisms  of  Heat  Transfer" 

Determine  heat  transfer  characteristics  through  an  understanding  of  heat 
principles  and  heat  flow  mechanisms^ 

1-      Define  in  writing  the  following  heat  transfer  concepts* 
  1*  Heat 


2.       British  thermal  unit 


3-  Conduction 


A.  Convection 


5*  Radiation 


6.  Infiltration 


7.       Home  heat  gain 


S.      Home  heat  loss 


9*       Temperature  Difference 


2. 

Match  heat 

transfer  equations  with 

related  statements. 

1. 

T 

a. 

Outside  temperature 

2, 

b. 

Resistance  to  heat  transfer 

3- 

'  qc 

c. 

Total  heat  loss 

A. 

Ti 

d. 

In  side  t  emper  a  t  ure 

5. 

Qcr 

e  * 

Heat  flow  by  infiltration 

6. 

To 

f. 

Temperature  difference 

7. 

g. 

Heat  flow  by  radiation 

h.  Coefficient  of  heat  transfer 

i.  Heat  flow  by  conduction 
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Information  Sheet  ^F^l ,  l-l 


'*HEAT  AND  MECHANISMS  OF  HEAT  TRANSFER** 


To  determine  the  energy  efficiency  of  a  home,  through  the  determination  of 
energy  consumption,  familiarity  with  the  fundamentals  of  heat  and  heat  transfer 
is  required.     This  instructional  package  will,  therefore ^  be  devoted  to  the 
principles  of  heat  transfer,  their  relation    to  thermodynamics,  and  their 
application  to  heat  loss  calculations. 


Energy  can  exist  in  many  forms  and  in  fact  a  system  can  possess  several  forms 
of  energy.     You  have  probably  heard  of  the  terms  nuclear^  electrical^  chemical^ 
thermal  kinetic^  potential,  and  so  forth;  the  more  or  less  pure  forms  of  energy- 
In  a  colloquial  sense  we  talk  of  solar  energy^  wind  energy, go^thermal  energy^ 
etc< 

Whenever  a  temperature  difference  (AT)  exists,  energy  may  be  transferred  from 
the  region  of  high  temperature  to  the  region  of  lower  temperature.  '  According 
to  thermo'dynamic  concepts^  the  energy  that  is  transferred  as  a  result  of  a 
temperature  difference  is  called  heat ^  Q  ,    Heat  results  from  the  vibration  of 
molecules  of  any  substance.    The  more  rapidly  the  molecules  vibrate^  the  higher 
the  temperature.    Therefore^  heat  can  be  defined  as  a  form  of  energy.  Tempera- 
ture is  intensity^  not  the  quantity  of  heat. 

Energy  in  transition      always  proceeds  from  a  state  of  higher  energy  to  a  state 
of  lower  energy.     In  the  study  of  heat  transfer  this  means  that  a  substance  at 
temperature  Tj  in  proximity  to  another  substance  at  a  lower  temperature  T2  will 
transfer  energy  to  the . substance  at  lower  temperature-     The  effect  will  be  to 
decrease  Ti  and  increase  T2  until  the  system  comprised  of  both  substances  is  in 
thermal  equilbrium.     For  example^  a  building  heated  lower  than  72^  will  lose 
heat  to  the  outside  when  the  temperature  there  is  lower  than  72  F-     In  winter^ 
heat  flows  from  the  warm  interior  of  a  house  to  the  cooler  exterior;  this  is  re- 
ferred to  as  *'heat  loss,'*    In  summer,  heat  flows  from  the  warmer  exterior  to 
the  cooler  interior  of  a  house;  this  is  called  '*heat  gain, " 

In  calculating  the  heat  loss  of  a  buildings  the  unit  of  heat  measure  knoim  as 
the  British  Thermal  Unit  (BTU)  is  used.    The  BTU  is  the  unit  of  measure  for 
the  quantity  of  heat  that  seeks  an  equilibrium  of  temperature  between  two  tem-^ 
perature  differences.     The  BTU  is  the  amount  of  energy  required  to  raise  the 
temperature  of  one  pound  of  water  one  degree  F,     Following  are  BTU  fuel  equi- 
valents: 


272 


Informacion  Sheet  ^'1,  1^2 


1  Wooden  Kitchen  Stick  Match 

1  Kilowatt  <KW)  Hour  Electricity 

1  Cubic  Foot  Natural  Gas 

1  Ton  High  Volatile  Bituminous  Coal 

1  Gallon  Fuel  Oil 


=    1  BTU 
«    3413  BTU 
=    1031  BTU 
-    26  ^000  ^000  BTU 
140,000  BTU 


Why  Heat  a  Home? 

With  the  above  in  mind,  think  for  a  moment  why  houses  are  heated.  To  keep  . 
warm?  Not  really-  After  all  we  normally  heat  our  homes  to  about  65^  -  68^  F; 
our  normal  body  temperature  is  98<6^Fj  so  we  are  actually  .33^F  or  so  warmer 
than  our  homes.  Heating  our  house  to  68^F  is  certainly  not  going  to  "warm**  us 
sine  we  know  heat  flows  from  "warm*'  Tj^  to  **cool*'  T2-  This  should  give  you  the 
hint.  You  see  that  really  we  heat  our  surroundings  (unless  the  ambient  air  is 
much  warmer  than  we  are). 

Human  beings  are  "homotherms"  which  means  there  is  an  internal  biological 
mechanism  that  attempts  to  keep  our  bodies  at  approximately  98^F.    We  have  in 
our  bodies  what  is  probably  the  tnost  precise  thermostat  in  existence.  The 
chemical  energy  in  the  food  we  eat  is  converted  to  different  forms ^  including 
thermal.    There  is  a  very  narrow  range  of  temperatures  in  i^ich  the  body  can 
function  properly*     More  than  about  3^F  difference  above  or  below  normal  for 
any  appreciable  period  of  time  usually  results  in  permanent  physiological 
damage r  even  death. 

So  the  reason  we  heat  our  homes  is  to  regulate  within  acceptable  limits  the 
loss  of  body  heat  to  the  surroundings. 
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HEAT  TRANSFER  MECHANISMS  OF  HOME  HEA^NGS 


We  now  realize  that  the  real  goal  in  home  heating  for  cjnfort  is 
to  protect  the  body  from  excessive  heat  loss  to  the  surroundings. 
To  heat  the  house,  heat  is  transferred  by  one  or  a  combination 
01  mechanisms;  conduction,  convection  and  radiation. 

Heat  flow  bv  conduction  (Qg?  is  a  process  in  wich  heat  is  transmitted 
from  one  part  of  a  body  to  another  part  of  the  same  body  without  any 
relative  displayment  of  the  parts  of  the  body-  by  means  molecular 
vibration.     The  faster  moving  molecules  in  the  body  creating  the 
most  heat  ^ive  off  energy  to  the  adjoining  slower  moving  molecule 
which  in  turn  move  faster.     This  process  will  continue  until  all 
molecules  in  the  body  or  adjoining  bodies  are  vibrating  at  the  same 
rate  which  implies  that  they  will  have  the  same  temperature.  An 
example  of  this  would  be  heat  applied  to  a  skillet  sitting  on  a 
hot  stove. 

You  might  suspect  then  that  if  the  molecules  are  more  "tightly  packed" 
within  a  material  they  will  come  in  contact  more  frequently  and 
therefore  heat  transfer  by  conduction  will  be  greater  then  for  materials 
whose  molecules  are  "loosely  packed".    This  is  in  fact  the  case.  So 
in  general  we  can  say  that  materials  of  high  density  have  high  thermal 
conductivity. 

Based  on  th*e  above  discussion  we  would  guess  that  the  best  materials 
for  home  insulation  are  those  with  low  density.    In  general,  low  density 
means,  a  large  amount  of  trapped  gas  within  a  material.     Generally  this 
gas  is  air.     The  conclusion  you  should  draw  is  that  air  is  a  good 
insulator. 

Conduction  is  ^measured  is  BTU/^R. 

Heat  flow  bv  convection  is  totally  unlike  conduction.    In  this  case 
the  molecules  of  a  fluid  (either  liquid  or  gas)  pick  up  heat  energy 
from  a  warm  surface^  carry  it  with  them  over  a  great  distance  {relative 
to  their  (xc(^   size),  and  drop  the  energy  at  at^cooler  surface.    If  the 
cool  molecules  return  for  a  second  trip,  we  have  a  convection  loop. 

To  understand  heat  by  convection,  we  first  understand  why  fluid  molecules) 
would  want  to  convect  in  the  first  place.    Warmer  fluid  mole.cules, 
having  more  energ>%  require  more  "personal  space"*     Upon  warming,  therefor 
fluids  expand  and  become  less  dense.    Like  hot-air  balloons  or  logs" 
in  the  water,  they  rise.     On  the  other  hand,  cooling  fluids  become 
more  dense  and  sink.     ^liot  air  rises,  cold  air  falls".     Convection  is 
that  simple. 


Convection  would  apply  to  warm  air  rising  in  a  convection  furnace 
sysisn^  Or  movement  of  air  over  a  hot  surface  such  as  a  ra-diator, 
or  heating  element.     Convection  applications  f ound  ^n  housing 
may  be  the  air  flow  concept  used  in  the  ''envelope*'  or  double-shell 
house,  the' thermosiph  n  water  flow  concept  of  a  themosiphon  water 
heater  and  '^convective-loop'^  created  within  natural  convection 
collectors. 

Heat  flovj  bv  infiltration  (Qi)  is  a  special  case  of  convection. 
It  is  the  physical  replacement  of  warm  inside  air  by  cold  outside 
air  (or  the  reverse  in  the  snramer)  through  cracks  and  openings  in 
and  around  the  home.    Infiltration  losses  increase  with  winds  forcing 
air  into  the  house.     Since  heat  must  be  added  to  the  incorndhg  air 
continually  in  order  to  maintain  the  house  temperature,  infiltration 
amounts  T:o  a  rate  of  heat  loss.    Infiltration  is  qualified  in  either 
cubic  feet  of  air  per  minute  {cfm)  or  total  house  volume  air  exchanges 
per  hour. 

Heat  flow  bv  radiation  is  the  movement  of  heat  away  from  an  object 
by  means  of  electro-magnetic  waves  or  infrared  rays.     This  process 
does  not  involve  any  molecule  other  than  the  substance  radiating  the 
heat.    It  can  occur  through  a  vacuum  and  is  the  mechanism  by  which 
the  heat  of  the  sun  is  transferred  to  earth.    If  you  sit  in  front  of 
a  hot  stove  or  fire  you  will  feel  the  radiated  heat.    Radiation  heat 
flow  is  also  the  , mechanism  which  makes  you  reel  cold  when  sitting 

next  to  a  vri-ndow  oh  a  cold  winter  day.     Since  you  aire  warmer  than 
the  window  your  body  is  radiating  heat  to  the  cold  body  (window). 
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FEEDBACK 

Objective  A  Check: 

1-  Form  of  energy  that  is  transferred  as  a  result  of  a  temperature  difference, 

2-  Measure  of  heat  energy  quantity  (BTU  required  to  raise  temperature  of  one 
pound  of  water  one  degree  F)< 

3.     Heat  flow  through  solid  materials. 

4-  Heat  flow  caused  by  warm  air  rising  and  cooler  air  sinking, 

5-  Heat  transfer  from  one  space  to  another  by  means  of  electromagnetic  energy, 

6-  Physical  replacement  of  warm  inside  air  by  cold  outside  3i,r  through  cracks  and 
other  openings  throt^hout  the  home. 

7-  Heat  transferred  from  outside  of  house  to  inside  of  house  during  s^JmIner. 

8-  Heat  transferred  from  house  to  outside  during  winter, 

9-  Inside  heating  design  temperature  (65"70       minus  outside  winter  design 
temperature  for  given  area* 

Objective  B  Check: 


U  f 

2,  c 

3-  i 

4,  d 

5-  S 

6,  a 

7,  e 
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PRINCIPLES  AND  PRACTICES  OF  HEAT  LOSSES  AND  GAINS 


IP*^2,         Heat  Loss/Gain  Equations 
OBJECTIVES 

This  instructional  package  will  help  you  to  calculate  heat  flow  by  using 
equations  that  determine  residential  and  ismall  building  heat  loss.     At  the 
completion  of  this  instructional  package,  you  will  be  able  to: 

A.  Apply,  identify,  and  describe  which  formulas  are  used  for  determining  heat 
transfer  in  buildings, 

B.  Write  definitions  for  terms  used  for  determining  heat  transfer  in  build- 
ings. 

RESOURCES 

The  following  resource  is  provided  for  you  to  use  in  attaining  the  above  objec- 
tives. 

Information  Sheet  IP^2A,  1-3,     "Understanding  Heat  Losses  and  Gains  in  Build- 
ings. " 

Information  Sheet  IP-2B>  1-14-    "Special  Applications  for  Estimating  Cool  Loads 
in  Buildings. " 

These  two  Information  Sheets  are  found  in  USDQE  publication  Providing  for 
Energy  "Efficiency  in  Homes  and  Small  Buildings,  Part  II;  Determining  Amount  of 
Energy  Lost  or  Gained  in  a  Buildings  American  Association  for  Vocational  In" 
structional  Materials,  Technical  Information  Center^  P.O.  Box  62,  Oak  Ridge, 
Tennessee^  1980. 
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ACTIVITY 


A.  Review  the  instructional  package  resource  (IP-2A)  ^^Understanding  Heat 
Losses  and  Gains  in  Buildings"  and  (IF-2B)  ^'Special  Applications  for 
Estimating  Cooling  Loads  in  Buildings." 

B.  Identify  formulas  used  to  determine  beat  transfer  in  buildings. 
Explain  in  writing  the  following  concepts: 


4. 
6, 


K  Value 
C  Value 
r  Value 
R  Value 
U  Value 
Rt 


_7,  *'Crack  Method 

_8,  '*Air  Exchange  Method'* 

_9<  Sol-Air  temperature 

10,  ETD 

11,  te 


Match  heat  transfer  equations  with  related  statements. 


I, 

Conduction  heat  transfer 

a. 

LxW 

2- 

Total  thermal  resistance 

b. 

,018  (Qi)  (AT) 

3, 

Area 

c< 

UA  (  T) 

4, 

Infiltration  sensible  cooling  load 

d. 

UA  (ETD) 

5. 

Volume 

e< 

R    +R2  +  R3  , 

Infiltration 

f. 

LxWxH 

7, 

U  Value 

I/R 

8, 

Conduction  &  Radiation  heat 

h. 

qs  CD  X  Cf 

trans f erred 

X  V 

9. 

Cooling  load 

i. 

UA  (te-ti) 

10, 

Air  Exchange 

(Qis) 

Distinguish  formulas  by  selecting  t 
statement, 


I,     Conduction-He^t  Transfe 


A,  KA  (  T) 
B#'  CA  (  T) 

i 


'umla(s)  that  does  not  **flt**  wip:K 

m 


C,  0,018  (Qv)  (  T) 

D,  A  (  T) 
R 


2?8 
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ACTIVITY  (Continued) 

2.     Infiltration-heat  transfer 


A.  ti-to  C.    q  X  DP  X  24 

B.  UA  (ti-to)  t 

D.     ,018  (Qi)  (ti-to) 
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Understanding  Heat  Losses  and  Gains  in  Buildings 


Heat  transfer  through  building  sec- 
tions is  ooqputed  by  the  use  of  fonnilas. 
Qnoe  you  understand  the  formulas,  it  is 
a  siitple  matter  to  substitute  the  values 
and  arrive  at  heat  losses  or  gains. 

Fran  your  stud^  of  this  section  you 
will  be  able  to  eypl£dn  which  fonnulas 
are  used  for  determiainiq  heat  transfer 
in  buildlnqs  and  the  terms  used. 

Hiey  are  discussed  undier  the 
following  headings: 

1.  Conduction  Heat  Flow  Through 
Hcdogeneous  Materials. 

2.  Conducticn  Heat  Flow  Through 
Ocrrposite  Walls. 

3.  Infiltration  Heat  losses  or 
Gains. 

4.  Ventilation  Heat  Losses  or  Gains. 

5.  Radiation  Heat  losses  or  Gains. 

6.  Energy  Losses  and  Gains  fran 
Bquipnent  Operation. 


1.    OOMDOCnOK  HEftT  FLOW  THPOOm 
HOMOGEMBOOS  Mg^TERIALS 

The  fundamental  relationship  defining 
ocnduction  heat  flow  throu^  a  homogeneous 
solid  is  the  Fourier  equation: 


q^^  =  Heat  flow  by  conduction  {Btq/bour) . 

k  =  Thermal  conductivity  of  the  material, 
Btu/hr  X  ft^  X  *F  X  In. 

L  =  thickness  of  the  solid  in  the  direc- 
tion of  heat  flow  in  indnes. 

Ct2  -  ti )  =  AT  =  Tenperature  difference 
between  the  two  surfaces  of  the 
soUd  CF). 

A   =  Area  of  the  solid  perpendicular  to 
the  direction  of  heat  flow. 


The  texTDS  in  equation 
trated  in  Figurej  " 


1   are  illus- 


It  is  important  that  equation  1  and 
its  iirplications  be  understood.  Notice 
that  the  heat  trasg&r  by  conduction 
throu^  the  material  will  be  smll  if: 

-  A  material  with  a  snail  conductivity 
(k]  is  used. 

-  The  material  thicitaiess  (L)  is  large. 
^  Uie  tgrperature  difference  (t^  -  t^) 

between  the  two  surfaces  is  kept 
gnaU. 

-  The  area  (A)  of  the  wall  is  ]:ept 
small. 


Heat  Transfer 
(Btu^) 


Conductivity  of  material  (k) 
X  surface  area  (s<^.  in.) 
Thickness  in  inches 


Tenperature  Difference 
between  the  sides  of  the 


Where 


solids  (tj 


in  *F 


HOMOGENEOUS 
MATERIAL 


HEAT  FLOW  BY  CONOUCTIVlTY 


FIGURE  I  Conduction  heat 
*  definition  sketch, 


flow 
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Conduction  heat  losses  in  a  building 
can  be  Tninimized  by  decreasing  the 
building  size^  by  selectuy?  thxck  mate- 
rials with  low  thermal  oonduct3,vitieS/ 
and  by  reducing  the  teiqperature  difference 
between  insxde  and  outside  axr. 

The  thermal  oonductivity  (k)  of  a 
material  is  a  ph^ical  property  which 
is  obtained  experinentally  in  the 
laboratory.    Note  that  the  conductivity 
is  based  on  a  materied  thickness  of 
unity,  or  1  inch.   The  conductivities 
of  selected  building  materieds  are  given 
in  Table  III. 

Often,  the  thermal  oonductivity  (C) 
of  a  materied  is  given  for  a  specified. 
thickness  rather  tiian  for  a  umt 
thickness.    Typical  cases  are  8-inch 
concrete  masonry  blodcs,  or  dressed 
tiirber  boards*    t^hen  the  thermal  conduc- 
tivity is  given  for  a  specified  thickness, 
it  is  called  the  thermal  conductance  CO . 
Typical  vedues  of  thermal  conductance  are 
also  given  in  Table  17. 

tflien  thermal  conductances  of  mate- 
rials are  used,  the  o^iduction  heat 
transfer  equation  must  be  modified 
since  the  materied  thickness  is  alreac^ 
incorporated  into  the  conductance  value. 
Thus 

Thermal 

Heat  Transfer  =  Occductance  x  Area  x 
CBtVhr)  CC)  00 

Teirperature 
Difference 
(t2  -  t^) 

=  CA  Ct2  •  t]^)  .  .  .  .  (Equation  2) 

where  C  =  thermal  conductance,  Btu/hr  x 
ft2  X  At*F. 

Another  ooninon  way  to  describe  a 
raaterial*s  abLlity  to  oviduct  heat  is 
its  thermal  resistivity  (r)  and  thermal 
resistance  (R) .    The  resistivity  is  the 
reciprocaT  of  the  conduct3,vxty,  ^lereas, 
the  resistance  is  the  redprocal  of  the 
conductance.    That  is,  the  resistivity 
is  the  materied's  resistance  to  heat 
flew  per  unit  thickness  and  the  resistance 


is  the  naterial*s  resistance  to  heat 
flow  for  a  ^>ecified  thickness.  Typi<^ 
resistances  are  given  for  sane  insula- 
tion materials  in  Table  I.  , 

Thermal  1 

Resistivity  =  

(r)  Oonductivity  (k) 

_  1   _  Thickness  of  material 

Conductance  (C)  "   Oonductivity  (k) 

r  =  lA  and  R  =  1/C  =  L/k  .  .  (Equation  3) 

The  conduction  heat  flow  equation 
for  a  single  material  can  now  be 
ei^ressed  in  terms  of  thernal  resistive 
ity  and  resistance  by: 

Ccoauction  Heat  Flow  ~  1 
(Btu-hr)  (q^)  Resistance  (R)  ^ 

Area  (A)  (ft^) 
Thickness  (L)  (in)  ^ 

T^iperature  Dif  £erenoe 

„    =  1  A  ^ 

^     F  L        "       '         *  *  *  (Equation  4) 
"  ^  A  {t2  •  t]^)  (Equaticxi  5) 

EXANPIE  NO.  1 

To  illx:istrate'  the  use  of  the  oOTduc- 
tiai  equaticai,  suppose  a  4*  x  8'  sheet 
of  1/2-inch,  thick  plywood  has  surface 
tacperatures  of  100*F  and  TO^'F.  Evaluate 
the  heat  conducted  through  the  panel. 

Tlie  thenral  properties  of  the  ply- 
wood arel    k  =  0.80 

C  =  1.60  ^ 
r  =  1.25  ^ 
R  =  0.625 
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The  heat  conducted  in  Btq/hour  nay 
be  calculated  by  either  equaticMi  CD , 
(2),  (4)  or  (5); 

^    _  kA  ....  _  0.8(4x8)   (100-70)  _  ,  „^  Btu 
-        (it)   1536 


=  CA  (it)  =  1.6(^x8)   (100-70)  =  1536  Btu 

/Vir 

i:^  -^^^(100-70)  =  1536  /hr 
4x8 


rL  (6t) 


0,625 


(100-70) 


=  1536  ^ 
/hr 


2,    OOWXJCTiai  HEM  EOJW  IHBDUGH  OQMPOSriE 
^^^^^ 

If  structiiral  conpanents  were  nade 
of  single  honogeneous  materials,  eqpja- 
tions  (1) ,   (2) ,  and  (4)  wcxild  be  adequate 
to  estimate  conduction  heat  flow.  Most 
wall  partitions,  hcwever,  are  conposite 
walls*.  That  is,  they  are  constructed  of 

or  more  naterials  as  shewn  in  Figure 


COMPOSITE  WALL 


BTU/HR. 


H£AT  FLOW  BY  CONDUCTION 


The  procedures  for  estiirating  heat 
flow  through  a  corposite  wall  follow; 

The  total  thermal  resistance  (Rji) 
of  the  conposite  wall  is  the  sum  of  the 
resistance  of  each  coctponent  of  the  wall* 
In  equatiofli  form 


Rp  =  L/JCj^  +  L/JC2 


•  .  (Equation  6) 


By  placing  the  total  thenral  resis- 
tance into  the  ^oonducticMi  aquatics,  the 
coaiduction  heat  transfer  through  a 
corposite  wall  is 


*3c"T^ 


(^t) 


.  (EguatiOEn  7) 


Another  way  to  write  equatXOTi  7  is 
to  let  U  =  1/R?  then 

=  UA  Cdt)  (Eguatior.  8) 

where  U  =  overall  heat  transmission 
coefficient,  Btu/hr  x  ft^  x  **F^ 

When  determining  the  overall  thermal 
resistance  of  a  vail,  it  is  only  neces- 
sary to  add  up  the  resistances  of  eadi 
cotpcaient  in  the  wall.    Fortunately,  the 
total  thermal  resistanoe  and  overall 
thermal  transndssion  coefficients  are 
tabulated  for  many  partition  construc- 
tions-* 


^Frcm  Table  V, 


FIGURE  Definition  sketch  for  a 
comDosits  waXX* 


ERLC 


8S2 
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Hie  following  exan^le  will 
illtjstrate  how  to  evaluate  overall 
transfer  coeffici^ts  and  heat  flow 
through  conposite  walls. 

EXAMPLE  WO.  2 

Evaluate  the  oonduction  heat 
transferred  through  a  8'  x  10'  wall 
section  composed  of  3/4-inch  wood 
siding,  3  1/2-inches  fiberglass 
insulation  and  1/2-inch  gypsum 
board  (Figure  ^ 

Outside  terperatiire  (t  )  10*^F. 
Inside  temperature  (t^T  6S^F. 

R-Valties 


Outside  film 

0.17 

WDod  siding 

0.81 

Sheathing 

1.32 

Insulation 

11. 

Gypsum  board 

0. 45 

Inside  film 

.68 

^  = 

14.43 

*Pro!n  Table  V. 

^KDTE:    There  is  a  gnalJ  ainount 
of  resistanoe  due  to  the  air 
f  ilin  on  both  the  outside  and 
inside  surface  of  materialsT 


qc  =  UA  tat) 

Rr     Ro  +  Hsh  +  ^kfood  +  I^msul  + 
Bgb  +  Ri  =  0-17  +  1*32  + 
0.81  +  11.0  +  0.45  +•  0.68  = 
14.43 

alius  U  =  1/Rt  =  1-14.43  •  0.069 
and  qc  =  0.069  (8x10)   (68-10)  - 
321  Btu/hr. 


?4in.  WOOD  SIDING 


3)6\n.  FIBERGLASS 
INSULATION 


GYPSUM 
BOARD 

ASPHALT 
'^IMPREGNATED 
SHEATHING 


INSIDE  AIR  FILM 

-^ti  =68'F 
— 12  -10'F 


FIGURE  3    Sketch  of  wall  section 
conduction  h^at  flow  through  a 
composite  wall, 


for 


Iteing  T^Dle  V,  the  overall  heat 
tranter  coefficient  is  U-0.081.  Ihe 
discrepancy  between  U  calculated 
(.069)  and  U  taboJ.ated  (0.081)  is 
that  the  tabulated  values  aooDunt  for 
the  difference  in  themal  resistance 
at  the  studs  and  between  the  studs. 
5he  t-ahnlated  U-Value  is  the  weighted 
average  of  the  U-Values  at  and 
bet^^^en  the  studs. 

Tto  illustrate  the  value  of 
insulation^  consider  the  sane 
conposite  wall,  but  ronove  tile 
3  1/2  inches  of  insulation.  Nbw 
the  Insolation  is  r^laced  by  a 

vertical  air  space  ^which-has-a  

resistance  of  1*01  and 

%  =  ^     ^     \ood     ^Wir  % 

=  0.17  +  1.32  +  0.81  +  1.01  + 
0.45  +  0.68  =  4.44 

and  U  =  VR   =  1/4.44  =  0.23 

and  <3u  =       ftit)  =  0.23  (8x10) 
(68-10)  =  1044  BtiVhr 
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Note  that  by  removing  the 
insulaticBi,  the  heat  flow  by 
oonduction  throxjgh  the  wall 
increased  from  321  to  1044  Btu/hr. 
The  heat  loss  increased  by  a 
factor  of  2*25* 

EXAMPLE  NO.  3 

To  illustrate  the  influence  of 
iw3oor  teuperature  upDn  heat  loss 
from  a  building,  consider  again  the 
insulated  vail  section  with  U  - 
0,069*    Ccmpare  the  heat  flow 
through  the  wall  for  an  outdoor 
temperature  of  10**F  and  inside 
ter^^eratures  of  both  60**F  and  72*F. 


At  eO^T,  qc  =  IJA  M 
{60-10) 

AT  72**F,  qc  =  ^kt) 
(72-10) 


0.069  {80) 
276  Btu/hr* 

0*069  {80) 
342  Btu/hr. 


.  .   By  increasing  the  indoor 
tanperature  frou  60*^  to  72**F,.At 
increased  and  thus  increased  the 
heat  loss  through  the  wall  by  66 
Bto/hr,  or  by  24%, 


3.    IKFILTRfiTiaj  HEAT  LOSSES  OR 

Outside  aix  enters  a  residence 
through  many  urplanned  cracks  in 
walls,  doors  and  windows.    This  aix 
TTovement  is  called  infiltration* 
Since  infiltration  aix  is  seldoca  at 
the  terperature  of  the  air  ^iside 
the  living  area,  it  must  be^'warmed 
or  oooled.    Ttiis  fact   of  course, 
represents  a  heat  loss  by  ^ne  house 
during  cold  weather  and  a  heat  gain 
by  the  Ix>use  during  warm  weather* 

In  estimating  infiltration  heat 
flow,  it  is  necessary  to  estimate 
first  the  volume,  or  cx±>ic  feet,  of 
air  which  flows  into  the  building. 
The  quantity  of  aix  flow  is  dependent 
'jpon  many  factors,  including  the 
number  and  sizes  of  cracks  in  the 
structural  ooiTponents  and  the  out- 
side wind  speed. 


There  are  two  basic  methods  for 
evaluating  the  infiltration  air 
volume.    One  method  requires  that 
the  crack  widths  and  lengths  and 
the  wind  ^leeds  be  estimated  where- 
i^n  air  flow  can  be  evaluated. 
Another  method  is  the  air  exchange 
method.    In  this  method,  tabulated 
valiies  of  the  number  of  aix  changes 
occurring  per  hour  are  used  for 
typical  residential  rooms.  Typical 
aix  exchange  valxjies  are  given  in 
Table  VI.    Note  that  an  aix  exchange 
rate  of  1.0  per  hour  irdicates  that 
the  aix  flow  into  the  room  per  hour 
equals  the  volume  (length  x  width  x 
height)  of  the  room. 


FIGURE  11.  Plan  view  for  infiltration 
vo lume  i I I us trat ion , 

In  residential  oonstrtjction  the 
aix  exchaiygef nfethod  is  staff iciently 
aTCuriEe~So^SiHItration  volume 
calculatioijs- 'and  is  nuch  sinrpler 
than  the_craick  length  and  width 
method*    Thus,  the  aix  eirchange 
method  will  be  used  exclusively  in 
this  texti 

EXftMPLS  NO.  4 

To  illustrate  the  aix  exchange 
roethod ,  estimate  the  infiltration 
Ai'ir  xrAiimA  for  the  slqple  house 
plan  show  in  Figure  11,  if  the 
ceiling  height  is  8  feet  and  if  the 
wintJows  are  not  weatherstripped  or 
stom  sashed. 
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ThQ  infiltration  air  volune  for 
each'  room  is  estimated  tfy  the 
formula: 

Infiltration  volume  -  * 
exchanges  x  room  volume 

For  room  (1):    Q,  -  1.5  (15x15x8) 

=  2700  cu.  ft/hr 
For  room  (2):        =  1.0  (15x20x8) 

=  240Q  cu  ft/Iif 
For  room  (3),-         =  2.0  (20x25x8) 

=  8000  cu  f  t/hf 
Far  wiiole 

hoose:    Q±  =  2700  +  2400  + 

8000  -  13,100  cu  ftAir 

Once  tlie  estimate  of  tiie  volume 
of  infiltration  air  is  obtained, 
the  energy  required  to  heat  or  cool 
the  air  to  the  temperature  of  the 
living  area  can  be  calculated  by 
the  formula: 

=:  (0.018)        (t^  ^  t^)   .  . 

(Equation  10) 

Infiltration  h^t  losses  can 
now  be  illustrated  by  considering 
the  hoxose  in  Figure  11  and  eq[uation 
10.    The  infiltration  heat  loss  will 
be  calculated  when  the  outside 
tenperature  is  10**F  and  the  living 
area  t^perature  is  65*^, 

=  (0.018)  Q.  (t    -  t.) 
1  1      o  1 

=  0.018  (13,100)  (65-10) 

=  12,970  BtiVhr 

Notice  that  by  weatherstrLpping 
the  windows  or  adding  storm  windows, 
the  infiltration  heat  loss  could  be 
reduced  by  1/3,  or 

q.  =  2/3  (12,970)  =  8,650  Btiv^ 


4.    VENTHATigj  HaT  LOGSlbs  OR 
GMNS 

The  heat  losses  and  gains  due 
to  ventilation  air  are  evaluated  in 
the  same  manner  as  infiltration  heat 
losses  and  gains  except  the  volume 
of  adr  entering  the  building  is 
different.    That  is 

q^P  =  0.018  (Q^)  (/St)  .  .  . 

(Bguation  11) 

where  q^  =  ventilation  heat  loss 
or  gain,  Btu/hr 
O   =  ventilation  air  volime, 
cu  ft/hr 

The  ventilation  air  volLime  fpr 
residences  is  usually  very  anall  as 
conpared  to  infiltration  air  voliime. 

Table  VTI  gives  typical  venti- 
lation air  volumes* 

In  most  single  family  residences 
the  air  exchange  obtained- by  infil- 
tration satisfies  the  ventilation 
requirenents.    If  this  is  the  case, 
the  ventilation  heat  loss  or  gain  is 
taken  care  of  in  the  infiltration 
heat  loss  calculation.    If  supple- 
mental ventilation  is  provided, 
sitrply  determine  the  volume  of  air 
introduced  by  the  vmtilating  fSans, 
,  and  substitute  Q^,  into  Equation 


5,    BADiariQtJ  HE^^T  LOSSES  OR  GAIMS 

Badiation  heat  flow  is  far  more 
iirportant  in  cooling  applications 
during  warm  weather  than  in  heating  ^ 
applications  during  cold  weather, 
liius,  our  primary  concern  will  be  to 
,  estimate  solar  radiation  heat  gains 
during  warm  weather. 
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Solar  radiation  heat  gains  in 
residences  nay  be  oonverdently 
divided  into  two  categories^ 

a.    Opaque  Exterior  Surfaces* 
b*    Windows  and  Transparent 
Surfaces. 

a*    Opaque  Escterior  Surfaces 

When  solar  radiation  strikes  a 
building  .^joof  or  vail,  it  increases  * 
the  temperature  of  the  building 
surface  to  a  level  above  the  out- 
side temperature*    The  increased 
surface  temperature  thus  cJianges 
the  temperature  difference  between 
the  inside  and  outside  iwall  surfaces* 
Elecalling  the  conduction  heat 
transfer  equation,  q   =  UA  (t   -  t^) , 
an  increase  in  t  woSld  increase 
the  conduction  heat  transferred 
through  the  wall  or  roof. 

A  convenient  method  for  acooijnt- 
ing  for  the  solar  radiation  heat 
load  in  a  building  is  to  use  an 
equivalent  air  terperature  called 
the  sol-air  tenperature.  Sol-air 
tetiperature  is  the  equivalent  out- 
door air  teiperature  which  wuld 
yield  the  same  heat  transfer  through 
a  vail  by  conduction  alone  as  that 
transferred  due  to  the  conduction 
heat  transferred  iinder  the  actual 
outdoor,  t^qperature  and  solar  radia* 
tion*    By  using  the  sol*-air  tenpera* 
ture,  t^,  instead  of  the  actual 
outdoor  tencierature,  t  ,  the  combined 
conduction  and  radiatiSn  heat  trans* 
ferred  through  opaque  surfaces  is 
estimated  by  equation  (12) z 

q^  =  UA  (t^  -  t^)  .  .  CEjuation  12) 

The  design  sol-air  tsnperature 
is  dependent  upon  the  solar  radia- 
tion intensity.    Thus,  sol-air 
temperatures,  are  dependent  upon  the 
time  of  the  year,  geographical 
location,  the  orientation  of  the 
surface  (N,  S,  £,  W) ,  the  inclina- 
tion of  the  surface  (horizontal  or 
vertical) ,  and  the  color  of  the 
wall.    The  wall  color  is  significant 
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since  dark  colored  vails  absorb 
larger  quantities  of  solar  radiation, 
whereas  lightly  colored  walls  tend 
to  reflect  a  large  portion  of  the 
incident  solar  radiation*  Typical 
values  of  sol-air  tenperatures  are 
given  in  Table  VIII  for  a  latituie 
of  40''N  on  July  21. 

Table  VTII  illustrates  vividly 
the  effects  of  surface  color, 
orientation  and  inclination  upon 
sol-air  temperatures*    Bbr  exarqple, 
at  solar  noon,  viien  outside  air 
tetperature  equals  90*'F,  sol-air 
tsrperatix^  of  vertical  surfaces 
varied  f  .oa  96  to  112'=*F  dependent 
upon  cr  =/  nation.    At  the  same  time 
the  d  -  r    olored  vertical  surfeces 
expe  '       i  sol-air  tenperatures 
befr  -       :  J  and  134**F.  OOTparison 
of         IX  tarperatures  for  hori- 
zr         surfaces  at  solar  noon 

,es  a  difference  of  172-127**F, 
r*^  t;etween  dark  and  light 
ed  surfaces. 

\^-gLE  NO.  5 

Estimate  the  total  heat  trans- 
ferred through  an  8'  x  10'  vertical 
wall  section  at  4  p*m.  on  July  21. 
Assume  the  wall  has  an  overall  heat 
transfer  coefficient  of  0.02,  west 
facing  orientation,  is  lightly 
colored,  and  is  located  at  40'^F 
latitude*    Also  assume  an  inside 
air  tenperature  of  75^F  and  an 
outside  air  tenperature  of  94^F. 

=  0.02(8x10X131-75) 
=  89.6  Btp/hr 


b.    Windows  and  'iransparent  Surfaces 

Solar  radiation  affects  the  heat 
gain  through  transparent  surfaces  in 
two  vays.    First/  the  oorrihined 
conduction  heat  transferred  is 
increased  hy  the  surface  heatirig  of 
the  outside  of  the  glass.  Thus, 
the  heat  transferred  hy  conduction 
is  a  function  of  the  difference 
between  sol-air  terrperatures  and 
inside  air  teifjeratures,  Secjnd/ 
is  the  solar  heat  gain  inside  the 
roofn  by  transnission.    In  sutnrary, 
t±ie  bctal  heat  gain  through  glass 
areas  equals  the  heat  flow  due  to 
indoor-outdoor  tenperature  differ- 
ences plus  the  radiation  transmitt^ 
through  the  glass. 

The  heat  gain  due  to  conduction 
is  dependent  upon  the  sol-air 
temperature,  the  ijidoor  tecrperature, 
the  overall  heat  transmission  - 
coefficient  of  the  glas^  and  the 


glass  area>    The  solar  heat  gain 
by  transnission  is  dependent  ugon 
the  intensity  of  solar  radiation, 
the  orientation  of  the  glass  area 
i/ith  respect  to  the  North,  the 
degree  of  shading  and  the  trans- 
mission coefficient  of  the  glass. 


6..    Ej^JERgy  LOSSES         GAITJS  FBCK 

Heat  is  giv^  off  by  mar^ 
appliances  and  equipment,  such  as 
refrigerators,  stoves,  washing 
machines,  dryers,  freesers,  dish^ 
washers  and  lighting  fixtures. 
This  energy  should  be  considered  as 
advantageous  to  heating  and  may 
even  reduce  the  size  of  your 
heating  ^stem.    On  the  other  hand, 
heat  producing  equipment  adds  to 
the  cooling  Load. 
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Special  Applications  for  Estimating  Cooling  Loads  in  Buildings 


Cooling  loads  in  buildings  differ 
frcm  instantaneous  heat  gain  calcula- 
ticMis  because  of  flywheel  effects. 
That  is,  sone  of  the  heat  gained 
during  the  hottest  portion  of  the  day 
is  stored  in  the  building  furnishings, 
walls  and  partitions  and  need  not  be 
removed  until  sometime  later  when 
the  outdoor  tenperatures  are  lower 
and  the  instantaneous  heat  gain  is 
snaUer.    Nunerous  techniques  have 
been  devised  to  account  for  this 
flywheel  affect  when  calculating 
residential  cooling  loads. 

Cooling  loads  are  estimated  by  ■ 
evaluating  sensible  cooling  loads 
due  to:     (1)  heat  gain  through 
floors,  walls,  ceilings;  [2)  windows; 
C3)  infiltration  and  ventilation  air 
eacdianqe;  and  (4)  occupancy.  Then 
the  latent  cooling  load  {that 
required  to  control  and  r^nove. 
excess  moisture)  is  evaluated.  A 
rule  of  thumb  is  to  assume  the 
lat^t  cooling  load  is  0-3  tines 
the  sensible  cooling  load. 

Ho  help  you  understand  the 
difference  between  heatuig  loads 
and  cooling  loads,  discussion 
IS  given  under  the  Sollowing 
headings! 

1.  Cooling  Load  Due  to  Heat 
Gain  Through  Wadls,  Floors, 
Boofs  and  Ceilings. 

2.  Cooling  load  Due  to  Windows, 

3-    Cooling  load  Due  to 
Infiltration, 


1.    OOQLI^  LOAD  DUE  TP  HEAT  GRIN 
THROaOi  ^RLLS,  FLOORS,  ROOFS 
AND  CEILnKSS 

Hhe.  cooling  load  due  to  heat  gain 
tiirough  structuraX  oorponents  may  be 
"calculated  by  using  an  equivalent 
difference  between  the  inside  and 
outside  tenperatures  in  place  of  the 
actual  indoor-outdoor  tai^serature 
differences.    IVpical  values  of 
Equivalent  Taiiperature  Differences 
(ETO)  are  given  in  "Eable  XVI.  The 
ETO  talces  into  account  such  factors 
as  sol-air  tsTperatures,  construction 
ty^,  thermal  flywheel  effects,  and 
H^iiy  tenperature  ranges,  and  outdoor 
design  tenperatures.    Hie  cooling 
load  due  to  structural  corponents  is 
obtained  using  equation  (13) : 


q^  UA(Ero) 


Equation  (13) 


Tb  entex  the  table  of  ETO's,  CMne 
inust  obtain  both  the  outdoor  design 
tenperature  and  the  range  of  daily 
tenperatures  for  the  building  site 
(Table  II).    EID's  are  given  in 
increinents  of  design  temperatures 
fron  SS'^F  to  llO'^F  (Table  XVI) . 
Daily  tenperature  ranges  are  given 
for  3  conditions;  KO-IS'T), 
H(15-25*F),  and  H(over  25*^).  EED's 
for  design  teitperatures  not  listed 
can  be  obtained  by  adding  1*F  to 
the  tabtjiated  value  for  eacii  degree 
increase  in  design  terperature.  For 
this  problem,  walls  are  all  assumed 
to  be  dark  walls  zn  Table  XVI. 
Roofs,  on  the  other  hand,  itey  be 
either  dark  or  light  colored. 


4,  Cooling  Load  Due  to  Occupancy. 

5.  Latent  Cooling  Load. 
"6,    Tbtal  Cboling  Load. 
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2-    CQOLItJG  lOAD  DUE  ID  OTJIXXB 


3.    O^QLHiG  LOAD  DUE  TO  INFILTRATIGN 


The  equivalent  teniperature 
difference  concept  has  also  been 
adopted  to  siitplify  cooling  loads 
due  to  heat  gains  through  window 
areas.    Typical  values  of  equivalent 
terrperature  differences  (ETD)  are 
given  in  Table  XVII.    The  ETD's  are 
given  for  4  types  of  glass  (regular, 
single  glass,  regular  double  glass, 
heat  absorbing  double  glass,  and 
clear  triple  glass,  6  design  tenpera- 
tures  (85  to  llO^F),  for  8  canpass 
points  (N,  S,  E,  W,  etc.),  and  for  4 
vdxidow  treatitents  (no  drapes, 
draperies,  roller  shades,  and 
awnings).    The  ETD*s  are  based-upon 
an  indoor  teirperature  of  75**F. 

The  cooling  load  for  windows  is 
then  calculated  using  equation  13, 
as  was  done  for  walls. 

Permanent  shades,  such  as  over- 
hangs, will  reduce  the  cooling  load 
due  to  vrijidows.    Shaded  winctows  are 
considered  as  North-facing  windows 
to  get  ETD's-    Most  permanent  shades 
will  shade  only  a  portion  of  the 
window  area.    Thus,  it  is  neoessary 
to  determine  the  extent  of  shading, 
or  the  shade  line,  for  each  winda^. 
l^le  XXIII  gives  typical  shade  line 
factors  for  several  latitudes  and 
window  orientation.    The  shade  line 
will  extend  downward  over  the 
shaded  wall  for  a  distance  equal  to 
the  shade  line  factor  (froti  TatHe 
XVIII)  times  the  overhang  width. 
The  shaded  portion  of  the  window  is 
then  assmed  to  be  a  North^facing 
window  for  its  ETD  while  the  orienta- 
tion of  the  rOTaining  portion  of  the 
window  is  not  altered  for  its  ETD. 
■SSote  that  NE  and  U<  facing  windows 
are  not  effectively  protected  by 
permanent  shades. 


Infiltration  and  ventilation -air — 
exchanges  are  smaller  in  xvarm  weather 
than  in  cold  weather.    The  infiltra- 
tion and  ventilation  cooling  loads 
given  in  Table  XTX  reflect  tliis 
difference.    Infiltration  cooling 
loads  are  obtained  by  multiplying 
the  area  of  the  e:cposed  wall  area 
times  the  factor  given  in  Table  XIX 
for  a  specific  design  tenperature. 
Ventilation  cooling  load  is  calculated 
by  ittiltiplying  the  factor  in  Table 
XIX  times  the  cfin  capacity  of  the 
ventilation  fans.   Most  residences  do 
not  have  mechanical  vaitilation 
systans  and  rely  xjpan  infiltration 
for  their  ventilation. 

4.  CXXOMS  LORD  DOE  TO  QCOJPWC£ 

The  cooling  load  dtje  to  occu- 
pants and  appliances  is  usually 
^:praidmated.    The  load  per^  occu- 
pant is  ^jprodjaately  225  Btu/hr 
and  the  nurrber  of  occupants  may  be 
estimated  at  twice  the  number  of 
bedroons  unless  a  lot  of  large 
groi5>  entertaining  is  anticipated. 

The  cooling  load  due  to  appUr- 
ances  in  most  residexes  caiTbe 
limited  to  the  kitchen  and  estimated 
at  1200  Btu/hr. 

5.  lATENT  OOQLIKG  LCftD 


The  latent  cooling  load  may  be 
estimated  at  20  to  30%  of  the 
sensible  cooling  load. 

6.    TOmL  CQOLIHG  DQfiD 

The  total  cooling  load  is  the 
sum  of  the  sensible  cooling  load 
through- 1iie  structural  corponents, 
windows,  infiltration  gains,  occu- 
pancy gains,  and  moisture  removal 
{latent  cooling  load) . 
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TRBIE  I.  AFPBOXIMATE  IHXCKHESS  OP  INSUI^nOd  FOR  THEI84ftL  HB5IDEMCES, 
(Beferenoe,  Ccx)ling  and  Heating  Load  Calculatim  Maniial, 
ASHRftE,  1979,  Table  7.5,  Page  7.21) 


IN. 


B«tit  or  BUnkttf 

Unne  FiU 

Bo«r4]i  *nd  SUtH 

Thermal 

Rock 

Rock 

C«Uul«r 

of  [n«u|«tlon 

Hbcr 

WoaI 

Ftbct  . 

Wool 

Cclbiloik 

PoljurtfliftAe 

2  1/4  to  2  3/4 

2 

3  to  4 

2io3 

2 

I 

R-n 

3  1/2  tc4 

J 

5 

4 

J 

I  J/4 

4  1/4 

R-IJ 

J  5/8 

J  1/2 

6 

4to5 

4 

2 

5 

R-19 

6  to  6  1/2 

5  1/4 

6  to  7 

5 

J 

7  1/4 

R-22 

6  1/2 

6 

to 

7  toS 

6- 

J  1/2 

J*  J/8 

9  1210  10  12 

13  lij  14 

10  to  tt 

S 

4  3M 

It  J  8 

R-3S 

12  to  n 

101/2 

17  to  IS 

Bio  14 

10  to  n 

6 

14  l;2 

o  ■ 

ERIC 
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TftBLE  II.  OUTSIDE  DESIQI  TEWPERftTORES  AND  HERTING  CEGREE-^lSJffi 
(65°?  BASE)  FOR  DXFEEREHT  CLIMfiTIC  LOCftTIONS 
(Adapted  from  Cooling  and  Heating  Load  Calculatiori  Maiiual, 
ASHRAE,  1979,  Pages  2.3  and  7.16) 


State 
and 
Station 

Winter 
Desifm 
Dry-^ulb 

Sunnep 
Design  Dry-^ulb  and 
yean  Colrcldent  V'et-^lb 

y©an 
Daily 

H©atin« 
Degr©© 

99r1 

.  97.5^ 

\<i 

2.5^ 

5^r 

Rar.fr© 

Days 

'  iM*  A  \#  JT»  J^J-  Jm^ 

Kobil©  .A? 

11 
25 

29 

95/77 

y<  t 
93/77 

7 J-/  '^^^^ 

91/76 

IP. 

1.560 

Kodiak 

-51 
10 

-it? 
13 

69/5^ 

7*^/60 
65/56 

62/55 

2it 
10 

Flagstaff  AP 
Phoenix  AP  (S) 

-  2 

31 

it 

Bit/ 55 
109/71 

^2/55 
107/71 

105/71 

31 
-  27 

7.152 
1»765 

AHKAICSAS 
Fayetteville  AP 
Little  Rock  A-P  (S) 

7 
15 

12 
20 

97/72 
99/?6 

9^/73 
96/77 

92/73 
9^/77 

23 

22. 

3»a9 

CAIIFCpviA 

Los  Angeles  AP  (S) 

San  Francisco  A? 

35 

it3 

3^ 

93/68 
S2/6it 

B0/6r! 
77/63 

77/67 
73/62 

15 
20 

2»061 
3»001 

COLORADO 
Denver  AP 
Leadville 

-  5 
-1^1 

1 

-lit 

93/59 
'=Wt/52 

91/59 
^1/51 

89/59 
7*^/50 

28 
30 

6.283  , 

3rideport  AP 
Vaterbury 

■  6 
-  it 

9 
2 

^^6/73 

'S'l/?? 

«it/71 
S5/71 

^11/70 
'52/70 

18 
21 

5»617 

DSLStTASE 
Dover  AF? 
Viljidngton  AP 

11 
10 

15' 
lit 

92/75 
92/7^^ 

90/75 
A9/7it 

^7/7^- 
P7/73 

IR 
20 

'^»930 

Andrews  AF^ 
Wash  Nat  AP 

10 

li^ 

li^ 

17 

92/75 
93/75 

90/7^ 
91/7^^ 

37/73 
89/7it 

18 
IS 

it,22i^ 
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2Si 


meis  II  (Ocan^tinued) 


and 

St&tion 


"/.'inter  Summer 
Deaign  Design  Dry-Bulb  and 

Drv-3ulb  Kean  Coincident  Vet-3ulb 
99^    977^  23  W 


Kwi  Heating 
Daily  Degree 
Range  Days 


FLOrtlDA 

Gainesville  AP  31  95/77 

yi^iRi  A?  Cs)  i^7  91/77 

Tallahassee 
GEORGIA 

AtlanU  AP  (S)  17        22  9^/7^^ 

Waycross  26  29  96/77 
ThoTnasville 

HAWAII 

Honolulu  AP  62        63  87/73 

Vahiawa  55        59  ^/73 

IDAHO 

3oise  AP  (S)  3         10  96/65 

Idaho  Falls  AP  -11-6  B9/61 


93/77  92/77  IS 
90/77      •^9/7?  15 


92/7^  90/73  19 
9^^/77      91/76  20 


86/73  35/72  12 
85/72      8tf/72  V*- 


9^^/6t^  9l/6^^  31 
87/61     8i:t-/59  38 


2m- 
l.'*85 


2,961 
1,529 


5,809 


iniKois 

Carbondale  2         7         95/77  93/77  90/7^  21 

Chicago,  C'Hare  AP   -  8       -  i^  91/?^^  89/7^^  ^16/72  20 

CIDIANA 

Fort  :r*yne  AP  -  i^          1          92/73  39/72  87/72  2^^ 

Indianapolis  AP  Cs)  -  2  2          92/7^  90/7^  87/73  J?2 

la^A 

Des  yoines  AP  -10       -  5         9V75  91/7^  88/73  23, 

Vaterloo  -15      -10         91/76  89/75  S6/7^^  23 

TAVSAS 
yranhattar, 

Fort  Riley  (£)  -  1         3         ^/75  95/75  92/7^^  2i^ 

vrichita  AP  3         ?       101/72  98/73  96/73  23 


6,639 


6,205 
5,699 


6,58S 
7,320 


i^,66o 


Lexington  A? 
Louisville  AP 


3 
5 


8 
10 


93/73 
95/7^^ 


91/73 
93/7^ 


88/72 
90/7^^ 


22 
23 


i^,660 


LODISIa;iA 
Natchitoches 
;!ew  Orleans 


22 

29 


26 
33 


97/77 
93/78 


95/77 
92/7S 


93/7? 
90/7? 


20 
16 


1.3^^5 
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Table  II  (Continued) 


State 
and 

Station 


'.winter 
Design 
Dry-^l'o 


99^ 


97.5^ 


Summer 
De^'l'iri  Dry-'^Hlb  and 
Mean  Coincident  '-.'et-qulb 


Mean  Heating 
Daily  Degree 
?^n.ee  Days 


Caribou  AP  (S)  -13       -13  ^/69 

Lewiston  -7        -  2  fi8/79 

y.kRYLfii'i'O 

Raltlnore  CO          •  '  1^  1?  92/7? 

Frederick  IZ  9^^/76 

j'^ASSAC'-rJssrL's 

^ostor  A?  (S)  6  9  91/73 
Sprinsfield, 

V/estov«r  A?3  -  5          0  90/72 

yxc'-aQpi'- 

Detroit  3  6  91/'73 
Sault  Ste. 

Narie  A?  (S)  -12  -  ^  B4/70 
!1V*^ESCTA 

Intn'l  Falls  AP  -29  -25  =^5/6^ 
Minneaoolis, 

St.  Paul  A?  -16       -12  92/75 

MISSISSIPPI 
Biloxi, 

ysesler  AF?  28        31  9^/79 

Tupelo  lit         19  96/77 

Kansas  City  A?  2          6  99/75 

St.  Louis  AP  26  97/75 

TJozeman  -20       -1^  90/6l 

!Mssoula  A?  -13-6  92/62 

S5P.=ASf:A 

Lincoln  CC  (S)  -  5       -  2  99/75 

Cnaha  A?  -  8       -  3  9it/?6 

^:?/AOA 

Las  Vesas  AP(S)  25         2B  10*^/66 

?.>-r.o  AP  (S)  5         10  95/61 


''^1/67 
'?5/70 


89/76 
91/75 


BB/71 
37/71 

SP/72 
81/69 


92/79 
9^^/77 


96/7U 
9^^/75 


7S/66 
82/68 


B7/75 
88/7it 


B5/70 
8i*/69 

B6/71 
77/66 


«3/6f?  80/66 
*'-9/73  *^/71 


90/73 
92/76 


93/7^* 
91/7^ 


37/60  8^^/59 
88/61  35/60 


95/7it  92/7^ 
91/75  58/7it 


106/65  lOfc/65 
92/60  90/59 


21 
22 


17 
22 


16 
19 

20 
23 

26 
22 


16 
22 


20 
21 


32 
36 


2^^ 
22 


30 
^5 


9.767 
it.Ul 
5.63'* 

6.232 
9.0U8 

3.382 

2.0iH 


^711 
4.900 


3.125 


5.86it 
6.612 


2.709 
6.332 


RJC 
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Table  II  {Continued) 


and 

Station 


Viinter 
Eesign 

99*  9775? 


Summer 
Design  Dry-':3ulb  and 
Mean  Coincident  Vfet-'^ulb 


Kean  Heating 
Daily  Degree 
Range  Days 


'-!A>!PSf{IR5 

Keene  -12  -  7  90/72 
Portsnouth, 

Pease  AF3  -  2          2  90/73 

Albuquerque  A?CS)  12         16  96/61 

P^toii  A?  _  l>           1  91/60 

YOP-TT 

ST:-Kennedy  A?  12         15  90/73 

■Jtica  -12       -  6  as/73 

rORT«  CA?-OIIKA 

Asheville  A?  10  li>  ^9/73 
Raleigh/ 

Durham  A?  (S)  I6  20  9^^/75 
VCRTH  DAKOTA 

c-rro 

Cincinnati  CO  1          6  92/73 

Cleveland  AP  (3)  1          5  91/73 

OKLAHOMA 

Lawton  AP  12  16  10l/7J^ 
Oklahoma  City 

A?  (S)  9        13  100/7^ 

Pendleton  A?  -  2          5  97/65 

Portland  AP  17         23  ^9/^ 

F'viladelphia  AP  10        Hi-  93/^5 

•Pittsburgh  AP  15  ^^9/72 

RHODE  ISLAND 

Newport  CS)  5           9  *^B/?3 

.Providence  AP  5          9  ^9/73 


ft7/70  83/69 
85/71  83/70 


9V6I  92/61 
S9/6O  a7/6o 


87/72  Bit/ 71 
85/71  82/70 


B7/72  85/71 
92/75  90/75 


90/72 
88/72 


99/?^ 


93/6't 
85/67 


90/7^> 
86/71 


B5/72 
36/72 


88/72 
86/71 


96/?ii- 
95/73 


90/62 
Bl/65 


87/72 
8fc/70 


82/70 
83/70 


2li- 
22 


27 
3^ 


16 
22 


21 
20 


21 
22 


2li- 
23 


29 
23 


21 
22 


16 
19 


7.383 


^»500 


6,228 


5,219 

i>,0^2 
3»393 
9,000 


6.351 


3»725 


5.127 
\635 


•5,1W^ 
5,987 


5*99*' 
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Table  II  (Continued) 


state 
and 

Station 


99%  97.51 


Sumner 
>:ean  Coincident  vret*'3ulb 

w 


1^- 


2.5- 


Mean  Heating 
Daily  Degree 
Bange  Days 


soct:-?  carou"A 

Grwenvill©  A? 
w  oar  tan  our?  A- 

18 

22 

93/7^ 
93/7* 

91/7^^ 

89/7^^ 
oy/?**- 

21 

2»980 

SGSVi  DAKOTA 
?^DiH  Citv  AP  Cs) 

-17 
-11 

-13 

-  7 

95/73 
95/66 

92/72 
92/65 

89/71 
89/65 

25 
28 

7»^I^5 

TsLVEoSS;". 
ynoxville  AP 
Xenohia  AP 

13 
13 

19 
18 

98/77 

92/73 
95/76 

90/73 
93/76 

21 
21 

3»^ 
3,232 

T^-:<AS 

Arearillo  AP 
Dallas  A? 
'Houston  CO 

6 
18 
28 

11 
22 
33 

93/67 
102/75 
97/77 

95/67 
100/75 
95/77 

93/67 
97/75 
93/77 

26 
20 
18 

3,985 
2,363 
1,278 

UTAR 
Locran 

Salt  Lake  City 
AP  (s) 

-  3 
3 

2 

8 

93/62 
97/62 

91/61 

38/60 
92/61 

33 
32 

6»052 

^arre 

lurlinKtor  AP  (S) 

-16 
-12 

-U 
-  7 

8^71 
*i8/72 

81/69 
85/70 

78/68 
82/69 

23 
23 

A    A^  A 

8»269 

•/l?Gii:iA 

t;orfolk  AP 
Roanoke  A? 

20 
12 

22 
16 

93/77 
93/72 

91/76 
91/72 

89/76 
88/71 

18 
23 

3,^^21 
^150 

KA3Hi:;'5To:>' 

Sea  ttle-Tacona 
Spokane  A?  Cs) 

21 
-  6 

26 
2 

-8iv/65 
93/6it 

90/63 

76/62 
87/62 

22 
23 

5,1^^5 
6,655 

•'-■SST  ViaCIKIA 
J'orgatitrwn  AP 
'/fheeling 

a 
1 

8 
5 

90/7^^ 
89/72 

•37/73 
36/71 

85/73 
Bh-/70 

22 
21 

^500 

i1^C0t:SI^ 
Ashland 
?a.lwaukee  AP 

-21 

o 

-21 

-  a 

85/70 
90/7^^ 

82/68 
87/73 

79/66 
m/71 

23 
21 

7,635 

Cheyenr.e  AP  -  9       -  1  89/58        86/53      »^/57  30 

Laratsie  A?  (S)  -1^       -  6  3i^/56         8I/56       79/55  2S 


7»381 
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TABLE  in.  OONDOCnvrW  OF  SOME 

buhding  materials 

(Adapted  £rcn  Pooling  and  Heating  Load 
Calculation  Manual,  ASHRAE,  1979, 
Page  3.4) 


Conductivity 
(k) 


Hardboard,  Medium  Density  .73 

Particleboard,  Medium  Density  .94 

Polystyrene,  Smooth  Skin  .20 

Glass  Fiber,  Organic  Bonded  .25 

Wbod,  Medium  Density  1.49 


TABLE  IV.  OOliXJCEANCE  OF  SOME 
BUIIDING  MATERIALS 
(Adapted  from  Cooling  and  Heating  Load 
Calculation  ^toiual,  ASHRAE,  1979, 
Page  3.4) 


Thickness 
(in) 

Cdnductance 
(C) 

Plywocd 

.5 

1.60 

Carpet  and 

Fiberous  Pad 

.48 

Mineral  Fiber 

3.5 

.053 

Concrete  Blcxdc, 

Sand  and  Gravel 

8 

,90 

Asphalt  Shingle 

2.27 
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OaBtE  V.  OOEEFICIEMTS  OF  HEM  TRANSETK  (U)  TOROOCH  FBPMB  WALLS* 
*  (Reference,  Oooling  and  Heating  load  Calculation  ySaxvoaX, 
ASHRAE,  1979,  Table  3,2A,  Page  3.8) 


111        4  £  «  7 


Keplace  Air  5ipuce with  3.5,in.»  R.1 1  tibnkct  iFi^ulaiton  (Ne^  Iiein4> 


Reikis  fuiu:v<RI 


F  rafnin]^ 

Al 
Frajninjt 

Fnifntnj; 

At 
Fmfn  ing 

f.  Outttdtf  surface  (15  mphwJndl 

ai7 

ai7 

0.17 

0.17 

2,  Sidinjj,  v*ood,  0.5  \n,K  g  in  Juppcd~(a**eTagcl 

O.S) 

0.8i 

O.Sl 

1.32 

1.32 

1.32 

4,  Nonrtfflectivcaif  spiace,  3.5  W-(50Fm«an;  lOJegF 

icmperaturc  ctjl  rtrtJKC) 

1.01 

11.00 

5 ,  Nominal  l^m.^ .  wood  Stud 

4.38 

4.38 

6,  Gypsum  watlboard,  0,5  in. 

0.45 

0.45 

0.45 

0.45 

7,  InSjJcSurfacC  (stilt  air) 

0.6S 

OM 

0.6S 

0.A8 

A;»14.43 

A,»7,gl 

Ural  Capacity 


J-^ramihe 


0.47  a.4-' 

023  0.2.1 
.0? 

0.54  0J4 


1.24 


ComtructionNo.  1:  t/,  »  1/4.41=0.225;  U4-1/7,8l  '0.13S.  Wiih  20irc  fi:atning  (typical  of  2'in*    4.in,  siuds  @  J6-(n.  oxX  t/„  »0.8 

(0.225)  +  0.2(0.1281  =  0.206  (See  E<(  9) 
Contfroction  No.  2:     ^  1/14^3  ^  0.069:       O.ias.U'iih  ffaminsuTKhanscd.a,^  «  0.8(a069|  +  0.2<p.l3a)  ^  0.081  
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TABLE  VI.  AIR  EXCHANGES  IN  FESIDEIJCES  FOR  lOTIGAL  DESIGN  (XNDITIONS* 
(Adapted  fron  Tables  7.11A  and  7.116^  Gcpling  and  Heating  load 
Calculation  Manual,  ASHRAE,  1979,  Page  7.23) 


Type  Room  Changes/ltour 


Roan  w/o  windcws  or  exterior  doors  0.5 

Boons  with  windows  or  exterior  doors  on  one  side  1.0 

Itoons  with  windows  or  exterior  doors  on  two  sides  1.5 

Rcxans  with  windows  or  exterior  doors  on  three  sides  2.0 

Entrance  halls  2.0 


*Use  2/3  of  tabulated  values  for  vjeatherstripped  windcws  or  storm  sashes. 


TABLE  VII.  RBOCMIENDED  VEMTHATION  AIR  VaUOME  FOR 

SBSGLE  FAMILY  RESIDEMCES 
(Adapted  from  Cooling  and  Heating  load  Calculation 
Manual,  ASHRAE,  1977,  Page  5.12) 


Ventilation  Air  Per  Occupant  ^ 

Roan 

Miniimm 

Reoocmended 

(cu  f  t/min) 

(ca  £t/^mn) 

General  living  areas; 

bedroom,  utility  areas 

5.0 

7.0-10.0 

Kitchens,  bathrocms 

20.0 

30.0-50.0 

TABI£  VIII.  SOL-AIR  TEMPERATURES  FOR  JULY  21  AT  40^  IMTTODE 
(Adapted  from  Fundamentals  Handboook,  1977>  ASEIRAE,  Psage  25.5) 


Air  Light  Surfaces    Dark  Surfaces 


Time 

N 

E 

S 

W 

HOR 

N 

E 

S 

W 

4 

74 

74 

74 

74 

74 

67 

74 

74 

74 

74 

67 

8 

77 

82 

U4 

83 

81 

96 

87 

151 

89 

96 

122 

12 

90 

96 

97 

112 

97 

127 

103 

104 

134 

104 

172 

16 

94 

99 

98 

100 

131 

113 

104 

103 

106 

168 

139 

20 

85 

85 

85 

85 

^5 

78 

85 

85 

85 

85 

85 

24 

77 

77 

77 

77 

77 

70 

77 

77 

77 

77 

70 

Avg. 

83 

86 

91 

89 

91 

91 

89 

100 

85 

100 

107 

29S 
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TABE£  XVI.  r>ESIGN  BQUIVMENr  TEMPERAIUIIE  DIt'blKhlJCES 
(SID)  FOR  WALLS,  rFTT.TNGS  AND  FLOORS 
(Reference,  Cooling  and  Heating  load  Calculation  Mantial, 
ASHRftE,  1979,  Table  7.8,  Page  7,22) 


H5  ^ 

90 

95 

lt>5 

I* 

w 

L 

M 

11 

L 

H 

>1 

II 

n 

H 

17.^ 

13.6 

lie  A 

ia3 

6.3 

4  J..* 

1 1.3 

6.3 

2t>.? 

16  3 

M.J 

21.3 

2Ih? 

5.0 

t4.0 

too 

5i> 

1941 

l5!o 

lOi) 

20.0 

15.0 

yiM 

0 

7.5 

3.5 

0 

12.5 

S.S 

?.5 

13.5 

8.5 

1V5 

IS5 

4,  Wuod  (looT\ 

17.6 

13.^ 

22.6 

IS.6 

(3.6 

27.6 

23  .A 

2Sl.^ 

IX^ 

2:i.f» 

ceiUNCS  AND  HOO»=S* 



1.  Ceilings  under  nuturaUy  ventcU  MUt 

Of  vent«d  flat  roof— ^arlc 

3a.o 

34.0 

43.0 

39.0 

34.0 

4t;.o 

44.0 

i9.0 

4^4> 

444) 

A'i  0 

54.0 

—light 

30.0 

26.0 

35.0 

31.0 

26.0 

40.0 

36.0 

314) 

41.0 

.U4> 

41  J» 

4rt4J 

%  Dutlt-up  rooTf  DO  Ccilinjf— dark 

3&.0 

J4.0 

43.0 

39.0 

J4.0 

A$JO 

44.0 

39.0 

49.0 

44.0 

54,0 

—light 

30.0 

26.0 

31.0 

26.0 

40.0 

J6.0 

31.0 

41.0 

36.0 

41.0 

4641 

3.  Ceilings  under  unconditioned  room^ 

9.0 

5.0 

14.0 

10.0 

5.0 

I9i) 

15.0 

10-0 

20.0 

15.0 

:t).o 

254t 

FLOCKS 

I:  Over  unconditioned  rooou 

9.0 

$S> 

US> 

lOO 

5.0 

19»0 

154) 

10.0 

20.0 

I54> 

2<lO 

25.0 

2>  Over  tm^emcnL  erkctoKd  erawl  space 

or  concfcfe  slab  on  ground 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3>  Over  open  crawl  space 

9,0 

5.0 

U.0 

10.0 

5.0 

19.0 

15.0 

10.0 

20.0 

15.0 

:o.o 

2J.0 

•  Daily  Tem permit itre  Range 

L(l^w)  Caleulatton  Value:  12  dtfg  F.     M  (Medium)  Calcubtton  Value:  20  deg  F,  H  CHigh)  CalcuhtTon  Value:  30degF. 

Applicable  Range:  te»s  than  15  deg  F.-       ApPlteable  Range:  15  to  25  deg  F.  Applicable  Range:  Mofc  than  25  deS  F> 

^CeiUng  and  Roofs:  For  roofs  in  shade*  IS'hf  a\^r^&  -  11  deg  tcmreraiufc  differenlbl>  Ai  90  deg  Fdes'^n  and  medium  daily  ran^* 
equivalent  temperature  difTerentia I  for  light-colored  roofequab  U  -I-  (0.71)(19  -  H>  =  31  deg 
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•BfflLE  XVII.  DESIGN  COOLING  LOAD  FACTORS  1HR00GH  GLASS  (ETD) 
(Beference,  Cooling  and  Heating  Load  Calculation  MEinual, 
ASHRAE,  1979,  Table  7.5,  Page  7.21) 


Outdoor 

Kcfutar  Sififlc  G\m 

Itccular  Double  Cbv« 

l\c4t 

Absorbinf*  Oouhle  Cbvv 

Clc»r  Triple  Clssn 

Dcitgn  T«mp 

35    90    95    100    105  110 

S5    90    45     100  105 

110 

35 

40  95  100  105  no 

»5  95 

No  Awninp  of  inside  Stitdinf 


North 

23 

27 

]| 

35 

]9 

44 

19 

21 

24 

26 

23 

30 

12 

14 

17 

19 

21 

23 

17 

19 

20 

NE  «nd  NW 

56 

60 

64 

63 

72 

77 

46 

43 

51 

53 

55 

57 

27 

29 

32 

34 

36 

33 

42 

43 

44 

East  afxd  Weit 

31 

35 

39 

9] 

97 

102 

6$ 

70 

73 

75 

77 

79 

42 

44 

47 

49 

51 

53 

62 

63 

64 

SE  tnd  Sw 

70 

74 

73 

HI 

86 

91 

59 

ft\ 

64 

ftf^ 

6S 

70 

X$ 

J7 

40 

42 

44 

4fr 

53 

55 

56 

South 

40 

44 

4g 

52 

56 

33 

35 

33 

40 

42 

44 

J9 

2t 

24 

26 

23 

30 

JO 

M 

33 

Hortt.  SkyUgh^. 

160 

164 

172 

176 

I3l 

139 

14] 

t44 

U6 

U3 

150 

39 

91 

94 

96 

98 

100 

126 

]Z7 

129 

Dnperi^s  or  VenetUrt  Blinds 


North 

15 

19 

23 

27 

31 

36 

12 

14 

17 

19 

21 

23 

9 

11 

14 

16 

13 

20 

II 

\Z 

14 

NE  and  NW 

32 

:6 

40 

44 

43 

53 

27 

29 

32 

34 

36 

33 

;o 

22 

25 

27 

29 

31 

24 

26 

27 

East  and  W«st 

4S 

52 

56 

60 

64 

69 

42 

44 

47 

49 

5t 

53 

30 

32 

35 

37 

39 

41 

39 

4t 

SE  and  SW 

40 

44 

4S 

52 

56 

61 

35 

37 

40 

42 

44 

46 

24 

26 

29 

31 

33 

35 

32 

33 

34 

South 

23 

27 

3t 

35 

39 

44 

20 

22 

25 

27 

29 

31 

15 

17 

20 

22. 

24 

26 

13 

19 

21 

Roller  Shades  Hatf^Drawn 


North 

13 

22 

26 

30 

34 

39 

15 

17 

20 

22 

24 

26 

10 

12 

15 

17 

19 

21 

13 

14 

15 

NE  and  N\V 

40 

44 

43 

52 

56 

61 

33 

40 

43 

45 

47 

49 

24 

26 

29 

31 

33 

35 

34 

35 

35 

Eait  tnd  Weit 

61 

65 

69 

73 

77 

32 

:  54 

56 

59 

61 

63 

65 

35 

37 

40 

42 

44 

46 

49 

49 

50 

SE  and  Sw 

52 

56 

60 

64 

63 

73 

46 

4S 

5t 

53 

55 

57 

30 

32 

35 

37 

39 

41 

4| 

4; 

43 

South 

29 

33 

37 

4t 

45 

50 

27 

29 

32 

34 

36 

38 

[3 

20 

23 

25 

27 

29 

25 

26 

26 

North 

20 

24 

2J 

32 

36 

4] 

13 

:5 

ts 

20 

22 

24  i  10 

12 

15 

17 

19 

21 

11 

12 

13 

NE  and  NW 

21 

25 

29 

33 

37 

42 

16 

19 

21 

23 

25 

U 

13 

16 

13 

20 

22 

12 

13 

14 

East  and  West 

22 

26 

30 

34 

33 

45 

14 

16 

19 

21 

23 

25 

12 

!4 

17 

19 

21 

23 

12 

13 

14 

SE  and  SW 

21 

25 

29 

33 

37 

42 

14 

16 

19 

2t 

23 

25 

11 

13 

16 

13 

20 

22 

12 

13 

14 

South 

21 

24 

2S 

32 

36 

4! 

13 

15 

IS 

20 

22 

24 

n 

13 

16 

13 

20 

22 

tt 

12 

13 
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1ABI£  XVIXI.  SHADE  LINE  FACIOSS 
PQR  WIMXWS 
(Beferenoe,  Cooling  and  Heating  load 
Calculation  Manual,  Table  7.7,  Page  7.20) 


Dirtction 
Window 

25 

3a 

N  Latitude,  Dc^ 
35        4a  45 

50 

55 

E/W 

0^ 

SE/SW 

1j6 

1.4 

1.3 

l.J 

0.9 

S 

JO.I 

5.4 

3.6 

2.6 

2^ 

1.7 

\A 

Sotfii  Distance  shadow  line  fatu  bebw  th^  edct  of  the  overhanf 
«quab  shade  Nne  factor  multij^licd  by  width  cf  overhang*  VaJuci  are 
avcnjf^s  for  5  hr  of  creatcft  sobr  intefu^hy  on  August  I. 


TABLE  KIX.  SgJSTBT,E  aXSLWG  LOAD  DUE 

TO  BIFILTBAnON  VBH^IIAnON 
--(Pef erenoe Fundamentals  Jandbock 
ASHRAE,  1977,  Table  38,  Page  25.41) 


Desifft  Tcfniwnturet  F 

S5 

90 

95 

100 

105 

110 

InfutTaiion,  Btuh/ft* 

of  gross  expoud  wz\l  area 

0.7 

LI 

1.9 

2.6 

Mtchamcal  ventUation. 

Btuh/cfm 

11.0 

16.0 

22.0 

W.0 

32.0 

3S.0 
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FEEDBACK 


Qb.iective  A  Check 

1-     Thermal  conductivity/coefficient  of  corTductance/refund  to 

amount  of  heat  that  will  pass  through  one  ft2  of  homogeneous 
material  one  inch  thick,  in  an  hour,  for  each  degree  fahronheit 
of  temperature  difference  between  the  two  surfaces. 

2.     Thermal  conductance/coefficient  of  conductance/ref erned  to 
amount  of  heat  that  will  pass  through  one  ft2  of  a  specified  - 
thickness  rather  than  for  a  unit  thickness  of  one  inch,  in 
one  hour,  for  each  degree  fahrenheit  of  temperature  difference 
  between  'the"  Ttwo  "surf  aces-  " 

3-     Thermal  resistivity/reciprocal  of  thermal  conductivity  (K)/ 
materials  resistance  to  heat.  How  per  unit  (inch)  thickness. 

4.     Thermal  resistance/reciprocal  of  thermal  conductance  (c)/ 
materials  resistance  to  heat  flow  for  a  specified  thickness/ 
the  larger  the  "R"  value  the  greater  the  thermal  resistance. 

5-     Coefficient  of  transmission/reciprocal  of  the  total  thermal 
resistance  (RT)/  amount  of  heat  expressed  in  BTU^s  that  will 
pass  through  a  combination  of  materials  and  air  spaces. 

6.  The  resistance  to  heat  transfer  through  a  combination  of 
materials  and  air  spaces.     {Svm  of  the  resistance  of  each 
component  of  a  material  (such  as  a  well  section)). 

7.  Method  to  determine  air  infiltration  whereby  window,  door, 
crack  widths  and  lengths  and  the  wind  speeds  can  be  estimated  where 
upon  air  flow  (infiltration)  can  be  evaluated. 

8.  Method  to  determine  air  infiltration,  tabulated  by  estimating 
the  number  of  air  changes  occurring  per  hour,  per  room  \rolume. 

9-     Outdoor  ambient  temperature  plus  solar  radiation  intensity 
factor/te/replaces  to  value  when  determining  qcr. 

10.  Equivalent  Temperature  Diff er^ces/ETD  takes  into  account  such 
factors  as  sol -air  temperatures,  conduction  type,  thermal  fly 
wheel  effects,  and  daily  temperature  ranges-  and  outdoor,  design 
temperatures  used  in  equation  qus  =  tJA  (ETD)  to  determine 
cooling  load  due  to  heat  gain  . 

11.  Symbol  for  sol-air  temperature. 


ERLC 
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FEEDBACK  (Continued) 
Objective  5  Check: 


1 

2 

3. 

a 

4. 

j 

5. 

f 

6. 

b 

7. 

8. 

i 

9. 

d 

10. 

k 

1. 

C 

2. 

A,B,C 
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PRINCIPLES  AND  PRACTICES  OF  HEAT  LOSSES  AND  GAINS 


IP-3. 


Seasonal  Fuel    Use  and  Costs 


OBJECTIVE 


This  instructional  package  will  help  you  to  determine  seasonal  fuel  use  and 
costs  of  a  home  or  small  building.     At  the  completion  of  this  instructional 
package^  you  will  be  able  to: 

A.     Identify^  describe,  and  apply  a  formula  for  determining  seasonal  fuel  use. 
Identify,  describe,  and  apply  a  method  for  calculating  seasonal  fuel  cost. 


The  following  resource  is  provided  for  you  to  use  in  attaining  the  above 
objective: 

Information  Sheets; 

IP-3A,  1-3    **Predicting  Seasonal  Fuel  Use  and  Costs*' 
1P-3B,  1-6    **Estimating  Seasonal  Fuel  Heat  Loss"^ 

^his  information  can  t»e  found  in  USDOE  Publication  Providing  for  Energy  Effi- 
ciency in  Homes  and  Small  Buildings,  Part  II;  Determining  Amount  of  Energy 
Lost  or  Gained  in  3  Building,  American  Association  for  Vocational  Instructional 
Materials,  Technical  Information  Center,  P.O,  Box  62,  Oak  Ridge,  Tennessee, 
1980- 


RESOURCES 
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ACTIVITY 


A,     Review  instructional  package  resources"Predict ing  Seasonal  Fuel  Use  and 
Costs"  and  "Estitnating  Seasonal  Heat  Loss,  " 

B-     Estimate  the  amount  of  fuel  and  cost  for  a  heating  season  after  detennin" 
ing  heat  transfer  specifics  of  a  building. 

I.     Analyze  and  explain  in  writing  two  equations  for  calculating  seasonal  heat 
lost. 

Equation  A,  1  =  H  =  24hd  (ti-ta) 

ti-to 

 K     Where  H  = 

 2.     Where  h  = 

.   3.     Where  ti  = 

 Where  to  ~ 

 5.     Where  24  = 

 6.    Where  d  = 

7-     Where  ta  = 


Equation  A<2  -  qs  =  q  x  D  x  24 

AT 

1 .     qs  = 

 2^  q  = 

 3.  D  = 

  A  T  = 

5.  24  = 


II<  Write  the  equation  for  determining  seasonal  fuel  use< 

 1-     Equation  for  determining  seasonal  fuel  use< 

 2<     Example  (Use  Natural  5as  as  Fuel) 


III-   Describe  in  writing  and  by  example  the  procedure  for  determining  seasonal 
fuel  costs, 

 I-     Procedure  for  determining  seasonal  fuel  costs. 


Example  (use  natural  gas  as  fuel  and  result  example  from  previous 
activity  -  III). 
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ESTIMRTXtJG  SEASONAL  HEAT  IDAD 


The  procedures  described  and 
illustrated  thus  far  allow  oonputa- 
tion  of  the  heat  loss  from  a  building 
when  the  outdoor  tenperatures  are  at 
the  design^  or  some  o€her  specific. 


terrperature.    This  occurs  for  only  a 
few  hours,  or  Instants,  during  the 
heating  season.    The  seasonal  heat- 
ing load  can  be  estinated  by  evalu- 
ating heat  losses  on  an  hour  1:^  hour 
basis.    However,  this  procedure  would 
be  too  time  consuming.    Instead,  an 
approxiinate  method  known  as  the 
Degre3"Day  tethod  has  been  recotrmended 
by  ASHRAE  f  or  predicting  seasonal 
heat  losses  and  fuel  consunption* 

The  Degree  Day  Method  estimates 
seasonal  heating  loads  by  assuming 
there  is  no  heat  loss  or  gain  when 
the  outdoor  tarperature  is  65*^  and 
then  paredicting  from  weather  data  the 
nuntoer  of  hours  in  the  heating  season 
for  which  the  outdoor  temperature  is 
below  eS'T.    ThB  total  nun±)er  of 
hours  for  which  the  outdoor  tenpera^ 
ture  is  less  than  65"^  is  called  the 
nurriber  of  Degree  pays  for  the 
bui  Iding  location.    The  nuitber  of 
degree  days  is  d^>enaent  ijpon  clinate. 
Typical  values  are  surmarized  for 
several  locations  in  Table  II. 

*I5ie  seasonal  heat  loss  is  esti^ 
rated  by  the  equation: 


D  X  24 


At 


viiere      =  seasonal  heat  loss,  Btu 
q  =  heat  loss  at  design 

temperatures,  Btu/hr 
D   =  nur±?er  of  degree  days,  F. 

days 

At   =  design  teirperature  differ^ 
ence, 
24  =  24  hour  day 


To  estimate  the  fuel  consunption 
during  a  heating  season,  the  }^atinq 
value  of  the  fuel  and  several 
efficienq^  factors  jrust  be  applied 
to  the  seasonal  heat  loss  value, 

^s- 


E  =  q, 


^5  ^  % 


X  V 


where  E   =  seasonal  fuel  or  energy 
oonsurrption 
=  correction  factor  heat 
loss  differences 

Cp  =  correction  factor  for 
partial  loads  for  fuel- 
fired  systems.     (Use  1.0 
for  electric  resistance 
heating.) 

y   =  rated  full  load  efficiency 
of  heating  equipnent 
(decinal  value). 

V  =  heating  value  of  fuel  in 
units  oonsistent  with 
E  and  q^.  (Btu/gal, 
Btu/cu.  ft,  Btu/ta^) 

Suggested  values  of      and  Cp  are 
found  in  Tables  XI7  and  Full 
load  efficiencies  are  usually  between 
70%  and  80%  and  are  available  frou 
nanufacturers . 

Consider  the  same  situation 
described  in  Exanple  Probleni  Wo.  1* 
Assume  the  heating  system  has  a 
capacity  of  30,000  Btu/^. 

Step  1:    Evaluate  the  seasonal  heat 
loss. 
=  q  X  D  X  24 

.  At  - 

q   =  25,330  Btn/hr  , 

D  =  5144  degree  days  ("la^le  11) 
A  t   =  65°-14°  =  51^ 
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=  61,300,000  BtiVseason. 

Step  2:    Evaluate  the  quantity  of 
fuel  required  per  heating 
season* 

E  =  qg      ^  9f 
Y  X  V  ' 

CL  =  0.83  (Table  XI7  at  14*F 

design  teiperature) . 
=  1. 56  (Table  X7  for  25%  over- 
sized heating  unit. ) 

V  =  Efficiency  .75,  fuel  oil; 

1.00  electricity. 

V  =  800  Bbo/ft^  gas. 

V  -  144,000  BtL^/gal  fuel  oil 

V  =  3,413  BbVIchti  electrical 

energy. 

Quis  the  estimated  quantity  of  fuel 
consuned  is 

«««  ,0.83  X  1.56^ 
E  =  61,300,000  (^jTTS-^j-goy-)  = 

132,000  cu.  ft.  gas. 


735  gal.  fuel  oil 
E=  61,300,000  il'  f  ^  ^^6^  ^ 
23,250  KKh  electrical  energy. 


1 
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TABIE  XIV,  OORRBCnON  FACTORS  FOR  HEKT  LOSS 
VS.  DEGREE  DSYS  INTERIM  FACTOR  0)3 
{Reference  Systafns  HandbocSc,  ;\SHRABf 
1976,  Page  43,8) 


Outdoor  Design  Tmpv  F 

-20 

0 

+  10 

+  20 

Factor  Co 

a57 

0.64 

a7i 

a79 

as? 

*Thc  muTtiplieia  <n  Tabic  3  whkh  k<  high  for  miTdcl^inai^sAiu)  tow  Tor  cold 
rcfiom.  ifc  Dut  in  error  «i  might  APPu',  Fer«quifvtlentbu])diotSt  those  in  vr*nn 
difn^tes  have  %  freater  EN^rticm  of  their  beating  requtKntentt  on  d^y*  when  the 
fFuon  tenipcnture  i»  eTose  to  6$  F^andthcs  the«ctu«l  hest  ton  tt  not  rcftectcd. 


TABLE  XV.  PAFI  LORD  OORRBCIIOK  FACTOR 

(Cf)  for  fuel-fired  EQOIEMENr 
(Reference,  Systens  Handbock,  ASHRfiE, 
1976,  Page  43.8) 


Perc^^t  ovcr^ziog 

0 

20 

40 

60 

50 

Factor  Cf 

1,36 

1,56 

1,79 

2X» 

2,32 

*Bec*i;^  equipment  P«trorm3oce  ai  eittremcty  tow  load^  Is  hithty  variable, 
it  ti  ttron|ly  rtcommended  thai  tK«  values  in  Table  3  not  tw  e^uapot^ted. 
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PREDICTING    FUTURE  NEEDS* 


Once  the  heat  loss  for  a  roai  or  home  ha%  heen  :teten*nnocJt 
the  fuel  costs  for  heating  season  can  te  estinated.  Oeten-n'mnq 
the  heating  costs  of  various  systens  vnll  ^live  an  idea  of  \rhicii  fjol 
and  systai  vnll  provide  the  riorte  with  tiie  greatest  comfort  for  t'le 
KJOney  spent.    Ilote  also  that  heating  costs  can  vary  accordin^i  to  iiov/ 
well  the  ^louse  has  heen  vjeatherized. 

If  the  iieat  loss  calculations  for  a  building  were  accurate  for 
the  design  conditions »  arid  if  the  heat  loss  at  any  other  outside 
teiTiperature  were  proportional  to  that  at  Jusiisn  conditions^  tt\en 
the  heat  loss  frOM  the  building  for  a  v/!jole  heatiny  season  could  be 
expressed  by  tJie  equation; 

♦Source:    Storck  S  Koral:    Handbook  of  Air  Conditioning,  Heating  and 
ventilating  -  2nd  Edition,  Published  1959.  19G5  by 
Industrial  Press.  Inc.    Reprinted  with  permission. 
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ERIC 


„  ^  24hd(ti-ta) 

where    M     seasonal  heat  loss  1n  BTU, 

h  *  hourly  heat  loss  froni  the  building  for  the  design 
conditions,  BTU, 

ti  =  inside  design  temperature,  deg  F» 

*  to  =  outside  design  temperature,  deg 
24  =  hours  per  day, 

*  d  =  number  of  days  in  the  heating  season, 

ta  =  average  outside  temperature  for  the  heating  season. 

*  (See  Appendix  A  fi  8  in  back  of  this  unit  for  Figures,) 

For  buildings  where  the  inside  design  temperature  is  70  deg, 
the  formula  becomes: 

„  «  24hd(70-ta) 

^  7fl-to  


EXAtlPLE 

What  would  be  the  heat  required  for  a  residence  in  flew  York 
where  the  design  heat  loss  is  70,000  CTU  per  hour,  d*241 ,  ta=4^.0 
degrees,  to^O  degrees  and  the  ti^70  degrees? 

Substituting  in  the  equation  above: 


H 
H 


24  X  70>00n  X  241  x  (70-44) 
(70-OJ 

150,384,000  flTl!  the  heat 
loss  for  the  whole  heating 
season 


Determining  Fuel  Use 


The  heat  loss  for  the  whole  heating  season  can  be  converted  into 
fuel  units  by  dividing  by  the  heat  value  per  fuel  unit  and  by  the 
utilization  efficiency.    For  example,  assuming  1031  KTU  per  cubic 
foot  of  natural  gas  at  75*  efficiency^  the  gas  consumption  per 
season  would  be: 
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773.25 
=  194,4113  cu.  ft. 


UCAT  VALUE/COST/CFFICILWCY  PER  FUEL 

Fuel 

Heat  Value 
(CTI!) 

ApproxiLiate 
Cost* 

Efficiency 

Natural  Gas 

1031/cubic  foot 

53.0tl/mcf 

75 

#1  Heating  Oil 

UGjOOn/gallon 

.Wa/gallon 

75 

*2  Heating  Oil 

140,nnO/gallon 

.66/gallon 

75 

Bottle  Gas 
Propane 

93,0nn/ganon 

.SSC/gallon 

75 

!ligh  Volalite 
Cituuinous  Coal 

26.0n0.0i)0/ton 

45.00/ton 

65 

Electric 
P.esistance  (!eat 

3412/(:ilowatt 

.OB/hwh 

100 

*Estir»atcr)  y\veraye  Cost  Julis  197*)  Moryantown,  i/est  Virginia 

Determining   Fuel  Cost 

The  cost  of  the  fuel  for  t^ip  entire  heating  season  can  lit; 
detemined  by  multiply.ing^the  fuel  use  unit  by  the  fuel  cost.  For 
exanple,  assuning  lf)4,4c]3  cubic  feet  of  natural  oas  at  S3.;V)  per 
thousanJ  cui)ic  feet  of  ^as,  the  gas  cost  per  season  vraiild  he 

=  1M.4C3  X 

=  S503.c/!!^  per  heating  season 
EXAf'.PLES  FOR  VARIOUS  FUEL 
!leat  Loss  -  2<  X  32.787  x  23fi  (7^  -  ^r') 

-  r, 

.  V7.27'>.3/i/i  X  3n  ' 
6.S 
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(P- 


65 


tJfi, 436,620  UTD's  required  for  one  heating  season 


■NATURAL  GAS  86.436,620  _  tino-i  «  r..K4r  f<>»+  «f  r>c 
  .75  X  1031  ^TU/Cu.  f^t.    -    1^^783.53  Cubic  Feet  of  Gas 

HCF  =  111733.53 

1 ODO 

=  111.7ii  MCF 

cost  =  MCF  X  $3.00 
=  ni.7ti  X  53.no 
=  $335.35  per  heating  season 


cost  =  gallon  x  .592 
=  y47.42  X  .S'l? 
=  S501.67  per  heating  season 


^2  Hb\TI.JG  OIL  86,456,630   ^  -.i  * 

  ,7b  X  UO,Onn  BTU/Gal.  =  ^^3. 20  GaTlons  of  oil 

cost  =  gallon  x  .6(5 
=  823.20  X  .6b 

=  i>543.31  per  heating  season 


  T7TT93T000^  r,Ti7r.a1.    -  1213.14  Gallons  of 

cost  =  (jallon  X  .55o 
=  1213.14  X  .5Stt 
=  ifi76.y3  per  heatinc  season 


COAL   86,436,620   cut  r  1 

  .65  X  26,0OO,f300  tsTU/ton   =  ^-^^  ^ons  of  Coal 

cost  =  Tons  X  $45.00 
=  b.ll  X  45.00 
=  S230.15  per  heatina  season 


ELECTRIC 


86,436>620  _  „, 
1.00  X  3412yKlJ    "  '^^^^^^  r.w 


cost     KW  X  .05       =  25,333  x  ,05     =  Si  266.65  per  heating 
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Air  Conditioning  0«sl9n  Data* 

(OeltMre.  OUtrtct  of  ColtfVblt*  MtryUnd 

PertASylvtnIt 

.  Virginia 

.  Ltest  Virginia) 

Ulnter 

Hlnt«r 

Sunotr 

Dry  Bulb  Ory  Bulb 

SUte  & 

ory  Bulb  Ory  Bulb 

Station 

VtAGlJIIA  (Cootlnued) 

Bcthtny  B««ch 

20 

87 

F1 Sherv111« 

15 

<>0 

Dover  AfB 

15 

90 

lUlHltOA 

22 

92 

19 

87 

Lynchburg 

18 

89 

Hflet.  fort 

19 

57 

Hirlon 

14 

as 

11 

90 

Hyer.  Fbrt 
Nmort  hM 

17 
ZZ 

93 
92 

OtSTRtCr  OF  COtUHBlA: 

Nor/oU 

2S 

al 
91 

Andrews  AfS. 

norchwest 

25 

92 

WAUer  Attcd  Hosp  16 

91 

Petersbun 

18 

94 

17 

93 

Riclwond 
Aoanelc« 

18 
18 

94 
91 

SCAunton 

15 

90 

adaapgIis  USNA 

16 

86 

Virginia  B<tch 

24 

92 

5a1  tlmor^  Aort 

IS 

91 

Hllllansburg 

19 

91 

VoHttOMi 

22 

92 

i4*dfca1  Ctr. 

17 

Ches4Pe«lce  Beich 

WEST  VtRGtHtA: 

JIRL 

19 

as 

3«cicifr 

6 

88 

r  ■  inihff  p1  ji  fui 

11 

90 

diuefleld 

11 

88 

Fr^erlclc 

9 

91 

Chflr1«ston 

14 

90 

5 

90 

CUrkSburg 

7 

31 

Ocean  City 

cw 

87 

eulns 

Falnoont 

5 

7 

84 

31 

>funt1n9tOn 

18 

93 

AITentown 

1  4 

09 

Kirtlnsburg 

7 

93 

a1  to0n4 

87 

Morgan town 

11 

83 

Server  F*1U 

8 

89 

Parkenburg 

11 

90 

3etnleh«a 

12 

R1pl«y 

10 

93 

Srookvllle 

0 

87 

Hh«€l1ng 

9 

87 

Clarion 

•1 

90 

Clearfield 

0 

91 
91 
87 
37 
85 
90 
92 
85 

^Soureet   Scorck  &  Koral: 

Handbook 

Columbia 

5 

of  Air  Conditioning* 

ConnelUvllle 

oueois 

3 

>f«at1n9  and  Ventilating  - 

0 

2nd  Edition.  Published 

Erie 

6 

19S9. 

t9£5  by  Industrial 

Getieva 
Ha rr it&urg 
Hafleton 
Johnstown 

2 
14 
8 

Press.  Tnc*  RepMnt«d 
4lth  permission. 

6 

87 

Lancaster 

5 

3? 

Latrobe 

8 

89 

Hecnanlcsburg 

14 

92 

Castle 

4 

'90 

m  City 

0 

90 

Puniiptborg 

-2 

8S 

Pittsburgh 

9 

87 

Reading 

14 

90 

St-  Hary* 

-3 

3a 

Uniontown 

8 

89 

'<^yTiesbur9 

6 

89 

»iniamsPort 

7 

09 

Tortc 

14 

32 

VtRGlrjU: 

Sed/ord 

15 

92 

Selvolr.  Fort 

17 

91 

Slacks tone 
30kf1in9  Gr«en 

19 

32 

18 

94 

Cape  Heflry 

24 

92 

C^Hottesvllle 

15 

90 

Covington 

18 

91 

Dulles  Int  Am 

13 

91 

BEST  COPT  mum 
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0«U  on  *torm4l  K«4t1fk9  S«4Son« 


(OtUwtre*  Olstntt  of  CoTunbUt  N«ryUnd. 
Pennsylvania.  Virginia.  Nest  Virginia) 


Oey 

Avera9e 

no.  of 

Sute  S 

Average  04 1^ 

Average  Oete 

Tonp* 

Degree 

Station 

SMSon  Begins  S«aso^  Ends 

Season  Oe^ree  f* 

Qav^ 

DCUmARC: 

Sept  2S 

N«y  20 

m 

4S*7 

Hnford+ 

Sept  28 

Hay  17 

232 

4303 

WITml  ngton-A 

SePt  Z7 

«iy  19 

23S 

44  J 

4910 

01  STRICT  OF  COLUMBIA: 

'A&Shi  ngton-A 

Oct  2 

Hay  14 

22S 

4S*7 

4333 

waShi ngton-C 

Ott  2 

Hay  12 

223 

4S.9 

4258 

Silver  Hill  (bt* 

S«Pt  2C 

Hay  17 

232 

4S,4 

4S39 

MAAYLANO; 

AnnapolU+ 

Sept  24 

Hay  17 

Z3S 

46.0 

4483 

BaltlCTor*^ 

S«Pt  2a 

Hay  19 

234 

4S!3 

4611 

aaltlnor^'C 

Sept  S 

Hay  13 

248 

48*1 

4203 

CaiwridQe* 

Oct  1 

Hay  13 

225 

46.1 

4245 

Freder1tfc-A 

Sept  29 

Hay  16 

230 

43*? 

4eS4 

PEHNSTLVANlAi 

Alienton-A 

Sept  is 

Hay  26 

2S1 

4U6 

S8B0 

Al taona+ 

Sept  S 

Jun  7 

273 

42*6 

6121 

Caatesvine* 

Sept  19 

Hay  26  . 

2S0 

43*7 

5365 

Erte-C 

SePt  20 

Jgn  4 

2S8 

41.3 

6116 

Fraitltl1it+ 

Sept  S 

Jun  11 

2S0 

42.2 

6383 

KarrUaurg^A 

Sept  22 

Hay  20 

241 

43*2 

5258 

Lancaster^ 

Sept  13 

Hay  27 

2S7 

43.7 

5482 

LeDanan+ 

Sept  16 

May  28 

2SS 

43*1 

558S 

Cattle* 

Sept  12 

^tay  30 

261 

42*2 

5953 

Sept  ZS 

^lay  19 

334 

44*2 

4866 

Phnad«TPhU-C 

Oct  2 

Hay  17 

22S 

4S*2 

4533 

Pi^«:>dr9h-Gr* 

5905 

P1tt*-A 

Sept  19 

Hay  29 

2S3 

41*7 

Pitttburjh-C 

Sept  38 

Hay  19 

234 

43*4 

5048 

ReAd1r*g-C 

Sept  26 

May  21 

23a 

43*7 

5060 

Scranton-C 

Sept  IS 

Hay  30 

253 

4U6 

6047 

UniOfltOwn* 

SePt  10 

Hay  34 

257 

44*9 

5176 

iiarrefl* 

Sept  2 

Jun  Is 

290 

41*8 

6740 

'rfiniamtPort-A 

Sept  13 

Hay  33 

253 

41.7 

589S 

York* 

Sept  16 

Hay  26 

253 

43*5 

5449 

ViRGiniA'. 

3307 

Case  H«jiry-C 

Oct  12 

.  Hay  12 

213 

49*  S 

Charlottejvllle*     S«Pt  17 

Hay  12 

23a 

47*3 

4223 

:)artvniff* 

Oct  S 

Hay  6 

211 

48*4 

3511 

Lynchbwr9-A 

Sept  29 

Hay  12 

226 

46*6 

4153 

W)rfollt-A 

Oct  S 

May  11 

216 

49*0 

3454 

Norfol k-C 

Oct  13 

^*ay  7 

207 

49*9 

3119 

Ritrvnand-A 

Oct  4 

Hay  12 

221 

47,1 

3955 

Oct  6 

Hay  9 

216 

47  .a 

3720 

Roanoke -A 

Oct  1 

Hay  14 

226 

46*6 

-  41S2 

tfytJievnic* 

SePt  13 

Jun  2 

2S3 

4S,9 

5022 

HtST  VIRGINIA; 

4417 

Charlestoit-A 

Oct  1 

Hay  17 

Z2d 

4S*7 

El  kins -A 

Sept  12 

Jun  5 

258 

43*  S 

5773 

Faimurtt* 

Sept  20 

M»y  23 

246 

44*5 

5047 

Hufltmston-C 

Oct  4 

?*-ay  11 

220 

46*5 

5047 

Pari:ersbur9-C 

Sept  30 

Hay  IS 

231 

44*4 

4750 

Petersburg-C 

Sept  £3 

H^  22 

242 

44*5 

4966 

Wheeling* 

Sept  19 

Ha/  21 

276 

46*1 

5218 

*^urce:    StOrck  L  KOnal:   Handbook  of  Air  Conditioning.  Heating  and 
^^entllatln^  -  2nd  idltlon.  Pu&Htned  1059*  1365  by 
Industrial  PretS*  Inc*   RepHnted  witft  perrrission. 
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FEEDBACK 


Objective  A  Check: 
Equation  A,  I 

I.     H  ^      seasonal  heat  loss  in  ETU 

2<     h  -      hourly  heat  loss  from  the  building  for  the  design  conditions 

3.  ti  ^    inside  design  temperature,  degrees  F. 

4.  to  ^    outside  design  temperature,  degrees  F. 

5.  24  -    hours  per  day 

6<     d    =    numbei;^-^  days  in  the  heating  season 

7,     ta  =    average  outside  temperature  for  the  heating  season 

Equation  A. 2 

1,  qs  =     seasonal  heat  loss  in  BTU 

2,  q    =    heat  loss  at  design  temperature,  BTU/HR 

3,  D    =    number  of  degree  days,  F,  days 

4,  T  =    design  temperature  difference,  F, 

5,  24  =    24  hour  day 

Objective  B  Check: 
1,     E    =    qs  CD  X  OF 

^  X  V 

E    =    seasonal  fuel  or  energy  consumption 
CD    =    convection  factor  heat  loss  differences 
CF    -    convection  factor  for  partial  loads  for  fuel 

=    rated  full  load  efficiency  of  heating  equipment  (decimal  value) 
V    -    heating  value  of  fuel 
2<     Each  example  will  vary, 

3-     The  cost  of  the  fuel  for  the  entire  heating  season  can  be  determined  by 
multiplying  the  fuel  use  unit  by  the  current  fuel  cost. 

For  example,  assuming  12,000  cubic  feet  of  natural  gas  at  $3<00  per  thou- 
sand cubic  feet  of  gas,  the  gas  cost  p«r  season  wou-ld  be: 

MCF  =  12,000  ft3 
1,000 

=  1,200  MCF 

Cost  =  MCF  X  cost  of  fuel 

=  1200  X  $3,00 

=  $360 < 00 /heating  season 
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POST-CHECK 


PRINCIPLES  MD  PRACTICES  OF  HEAT  LOSSES  AND  GAINS 


Apply  all  formulas  and  principles  acquired  in  this  module  to  complete  this  ?os 


Using  the  sample  wall  section  shown  in  Figure  1>  and  other  information  stated^ 
determine  the  following:     (show  all  calculations  and  formulas) 


A. 

Determine 

total  R- 

Determine 

U 

C- 

Determine 

AT- 

D- 

Calculate 

qc. 

E. 

Determine 

qi  of  room 

F- 

Calculate 

total  Q. 

G- 

Calculate 

qs- 

Calculate 

E- 

I- 

Calculate 

seasonal  fuel  cost> 

Check. 
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FIGURE  1.  FOR  POST-CHECK 


Home  Information 

Ti  ^  65^F 
To  =  20*^F 
1  1/2  Air  Changes 

Room  Dimensions    20'xl0'x8'  =  480  Ft 
D  =  5000 

Heating  Source:    Electric  Base  Board  @  $-04/KWH 
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POST-CHECK  KEY 
PRINCIPLES  AND  PRACTICES  OF  HEAT  LOSSES  AND  GAINS 

A.  .68  +  .45  +  11.00  +  .63  +  .81  +  .17  =  13.74 

B.  I/I3.74  =  .0727 

C.  Ti  -  To  =  At       (65°  -  20°  =  45?J  .    Is^T  =  45° 

D.  qc  =  U  X  A  xAT      .0727  x  480  Ft^  x  45°  =  1570.32  BTO/HR 

E.  qi  =  (0.018)  Qi(    T)    0.018  x  2400  x  45°  =  1944  BTU/HR 
qi  "  Air  exchange  x  volume 

F.  Q  =  qc  +  qi     1570.32  +  1944  =  3514.32  BTu/HR 

G.  qs  =  q  X  D  X  24    =  3514  x  500  x  24  =  9,371,520  BTU 

iT  45 

H.  E  -  qs    cb  X  CF  =  9,371,520    .89  x  1.56    =  1.3884    =  3812  KWH 

X  x  V  1.0  X  3413  3413 

I.  Ex  Fuel  Cost  per  Unit  =  Seasonal  Fuel  Cost 
3812  @  $.04/KWH  =  $152.49 


■er|c 
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TODULE  ELEVEN 
MEASURE  HEAT  LOSS  AND  GAIN 


Prepared 
by 

David  Johnston 
Biddeford  High  School 
Biddeford,  Maine 


USDOE  Sponsored  Faculty  Development  Workshop  on  Energy 
Conservation  for  lAE  at  North  Carolina  State  University 
June  1981    -    R*E*  Wenig,  Director 
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MEASURE  HEAT  LOSS  AND  GAIN 


This  module  is  designed  to  allow  a  student  to  teach  himself,  at  his  own 
pace,  the  techniques  involved  in  performing  an  energy  audit  on  a  residential 
building.     The  student  can,  at  his  option,  indicate  to  the  teacher  that  he 
possesses  the  knowledge  necessary  to  perform  energy  audits  by  taking  the  pre- 
tests at  the  beginning  of  each  instructional  package.     A  grade  of  90%  or  better 
indicates  the  student's  mastery  of  the  techniques  involved.     A  lesser  grade 
indicates  that  the  student  needs  to  study  all  of  the  instructional  packages. 

The  techniques  described  herein  are  by  no  means  exhaustive;  the  represent  a 
simplified  approach  to  energy  auditing  designed  to  acquaint  the  student  with  tbe 
methods  used  and  not  to  make  him  expert.     It  is  suggested  to  use  the  included 
format  in  all  calculations. 


TERMINAL  PERFORMANCE  OBJECTIVE 

At  the  conclusion  of  this  module,  the  learner  will  be  able  to  perform  an 
energy  audit  on  his/her  house,  or  on  one  of  several  examples,  and  to  critically 
evaluate  the  results.    The  learner  will  employ  techniques  discussed  in  Module 
Ten,  and  in  DOE  Publication  IR/06065-1  Pt,   1- ,  "Providing  for  Energy  Efficiency 
in  Homes  and  Small  Buildings*"    To  simplify  the  arithemtic  involved,  it  is 
suggested  to  round  off  to  whole  numbers. 

INSTRUCTIONAL  PAKCAGES  KNOW  KEEP 

IP"!  Calculating  Seasonal  Heating  Load     

IP-2  Calculating  Seasonal  Cooling  Load     

IP-3  Evaluating  Energy  Audit     
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PRE-CHECK 


MEASURE  HEAT  LOSS  AND  GAIN 


Directions:       Place  the  letter  opposite  each  numbered  test  item  that  best  com- 
pletes the  statement. 

IF-I.         Calculate  Seasonal  Heating  Load 

 1*     Thermal  transmission  coefficient  is  expressed  as: 


A.     "R"  C.  'V 

g      'V  D.     "T"  ■ 

"At"  is  a  symbol  for: 

A.     Sum  of  inside  temperature  and  outside  design  temperature 
5.     Thermal  conductance 

C,  Number  of  Degree-Days 

D.  Difference  between  inside  temperature  and  outside  design  tempera- 
ture 

"Degree-Days"  refer  to: 

A.  College  graduation 

B,  Number  of  hours  the  outside  temperature  is  below  65*^F, 

C,  Number  of  days  the  outside  temperature  is  below  65^, 

D.  Seasonal  fuel  consumption 

Qc  =  U    ?  T 


A.  D  C.  A 

B.  C  D.  R 


5-     Given  the  Qc  =  70,000,   ^  =  2,500  and  AT  =  70,  then  U  = 

A.  12,230,000  C.  .04 

B.  .4  D.  12.25 
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PRE -CHECK  (Continued) 
MEASURE  HEAT  LOSS  AND  GAIN 


IP-2. 

1. 


2- 
3. 


 4. 

 ^5. 

1. 


Calculating  Seasonal  Cooling  Load 
*'ETD'*  refers  to: 

A,  Estimated  Time  of  Departure 

B,  Environmental  Teaching  Department 

C,  Efficient  Thermal  Depletion 

D-    Estimated  Temperature  Difference 

'*Q"  values  are  stated  in: 

A.  BTU/Hr-  C.  BTU 

B.  KC/Day  D-  KC 

Seasonal  cooling  load  is  found  using  which  equation? 

B-     Qx  =  UA  (ETD)   

C.  Qs  =  Qc  X  EHDc  X  24 /A  T 
D-     Qs  -  MC^ 

Cooling  loads  consist  of; 

A,  Latent  and  sensible  C,     Infiltration  and  validation 

B.  Daytime  and  nighttime         D.     Inside  and  outside 

In  determining  cooling  loads,  Q  values  are  stated  in; 

A-     therms  C.  BTU/hr* 

B,     joules  D-  megawatts 


Evaluating  Energy  Audit 

An  energy  audit  is  performed; 

A-  To  determine  seasonal  heating  load 

B,  To  determine  seasonal  cooling  load 

C-  To  determine  energy  consumption 

D-  All  of  the  above 

Low  "Q"  values  indicate; 

A.  An  efficient  house 

B,  An  inefficient  house 


ERIC 
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PRE-CHECK  (Continued) 


MEASURE  HEAT  LOSS  AND  GAIN 


^3.     Which  of  the  following  would  be  the  simplest  method  of  decreasing  the 
heating/cooling  load  of  a  building? 

A,  Increase  "R"  values  C*    Decrease  "AT"  values 

B.  Decrease  "    "  values 

_4,     The  single  biggest  consumer  of  energy  in  a  home  is: 

A.  Domestic  Hot  Water  '  C*     Space  Heating 

B.  Lighting 

5.     Which  building  component  has  the  least  resistance  to  heat  flow? 

A.  Doors  and  windows  C.  Ceilings 

B.  Walls  D,  Floors 
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PRE-CHECK  KEY 


MEASURE  HEAT  LOSS  AND  GAIN 


IP-1. 


Calculating 


Seasonal  Heating  Load 


1.  B 

2.  D 

3.  B 

4.  C 

5.  B 

lP-2.        Calculating  Seasonal  Cooling  Load 

1.  D 

2.  A 

3.  C 

4.  A 

5.  C 

IP-3.        Evaluating  Energy  Audit 

1.  D 

2.  A 

3.  A 

4.  C 

5.  A 


ERIC  . 
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MEASURE  HEAT  LOSS  AND  GAIN 


Calculating  Seasonal  Heating  Load 


Objective 


Upon  completion  of  this  instructional  package^  you  will  be  able  to: 

A-     Determine  thermal  resistance  (R)  and  composite  transmission  coefficient 

(U=l/r)  for  the  building  envelope,  including  walls,  ceiling,  floors,  doors, 
and  windows.  *  * 

E.  Calculate  Surface  area  (A)  of  the  appropriate  walls,  ceilings,  floors, 
doors,  and  windows. 

C.  Compute       T*'  after  determining  both  the  desired  inside  temperature  and 
the  outside  design  temperature. 

D.  Find  air  exchange  rates  (Qi)  from  appropriate  tables. 

H.     Calculate  heat  ton  by  conduction  and  infiltration  through  the  building 
envelope  using  the  formula: 

Qc  =  UA/    T  &  .018  Qi^T 

F.  Calculate  seasonal  heating  load  using  the  formula 
Qc  =  Qc  X  DD  X  24 


6.  T 


RESOURCES 


Books: 


Solar  Concepts.    Gosham,  J.    Maine  Audobon  Society,  1979. 


From  the  Walls  In.    Wing,  C. 


Little,  Erown^  and  Co 


1979- 


From  the  Ground  Up.    Wing,  C.  and  J-  Cole-     Little,  Brown,  and  Co-,  1976. 


DOE/lR/06063-Pt-  II 

Providing  for  Energy  Efficiency  in  Homes  and  Small  Buildings 


Module  10  in  this  series  of  modules. 


NOTE:-       There  are  a  great  number  of  books  and  journals  dealing  with  the  con- 
cept and  techniques  described  herein.     It  is  emphatically  suggested 
to  go  to  the  library  and/or  bookstore  and  peruse  them! 


also: 


ASHRAE  Handbook 
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ACTIVITY 


A. 


C. 


Review  one  or  more  of  the  instructional  resources  listed  for  this  package. 

Make  a  list  of  all  aiaterials  making  up  the  walls  of  the  house  under  audit. 
Beside  each  material  write  the  associated  "R"  factor.  Add  the  "R"  factors 
and  take  the  reciprocal  of  the  sunt  to  find  "U." 


Exterior  Air  Film 

1/2"  Bevel  Siding 

1"  Beaver  Board 

Air  Space  Between  Studs 

1/2  Gypsum  Board 

Interior  Air  Film 


1.  THIN  AIR  FILM  ON 

OUTSIDE  WAa 

2.  WOOD  SIDING 
MATERIAL 

3.  INSULATING  SHEATHING 
H  INCH  THICK 

4.  AIR  SPACE 
BETWEEN  STUDS 

5.  GYPSUM  WALLBOARD 
H  INCH  THICK 


.14  (.S) 

.18  (1.0) 

.18  (1.0) 

.09  (.5) 


Rl  +  R2  +  R3  +  R4  +  R5  +  R6 


6.  THIN  AIR  FILM  ON  INSIDE  .12  (.7) 
OF  WALL   

  "total      0.75  (4.2) 

Repeat  this  procedure  for  ceilings,  floors,  doors,  and  windows. 

Make  a  list  of  appropriate  ceilings,  walls,  doors,  windows,  and  floors 
(i.e.  those  making  up  the  building  enveloped    Beside  each  record  the  sur- 
face area  "A." 


E.  Establish  the  desired  indoor  temperature  and  record  this  figure.  Find 
the  outside  design  temperature  for  your  area  on  an  appropriate  chart,  and 
record  this  figure.     The  difference  between  the  outside  temperature  and 
the  inside  temperature  is  recorded  as  "A.T." 

F.  For  air  exchange  rates  (Qi)  gain  from  a  table.     Record  this  figure. 
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ACTIVITY  (Continued) 


C.  Find  the  heat  loss  through  each  building  component  by  plugging  these 
values  into  the  formula  -  Q  =  UA  ^T*  Add  the  components  together  to 
find  the  total  heat  loss  via  conduction.    Record  this  figure. 

H.  Plug  "Qi"  values  into  the  formula  .018  QiAT,     Add  this  value  to  the  figure 
from  activity  G. 

This  value,  Qc ,  indicates  heat  loss  from  the  building  when  the  outdoor 
temperature  is  at  the  design  temperature.     In  order  to  estimate  the  sea- 
sonal heating  load,  a  far  more  valuable  bit  of  information, ' a  method 
known  as  the  "Degree-Day  Method  is  used.     One  additional  value  must  be 
obtained  in  order  to  perform  this  simple  calculation: 

I.  Find  the  number  of  "Degree-Days"  (D-d)  typical  for  your  area  from  a  map 
or  a  table.     Using  the  values  obtained  previously,  apply  them  in  the  fol- 
lowing f ormu la: 

Q  Seasonal  =  Q    x    D-D    x  24 

4\  T 

Q  =  Heat  loss  at  design  temperature,  BTU/HR 

Qs  =  Seasonal  heating  load 

D-D  ■  Number  of  Degree-Days,  F,  day - 

T  =  Design  temperature  difference 

24  =  24  hour  day 

Record  this  figure  with  proper  units. 

NOTE:    Example  of  this  problem  is  worked  on  page  31-32,  Part  II,  Providing 
Energy  Efficiency  in  Homes  and  Small  Buildings. 

FEEDBACK 

Objective  A-F  Check: 

1,  Upon  completion  of  the  actividfis  listed  for  lP-1,  meet  with  your  instructor 
to  go  over  your  calculations  and  to  ask  any  questions  you  may  have, - 

2,  Retake  the  pre-check  to  see  if  you  have  reached  the  objectives  as  stated. 
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MEASUKE  HEAT  LOSS  AND  GAIN 


Calculate  Seasonal  Cooling  Load 


OBJECTIVE 


Upon  completion  of  this  instructional  package »  you  will  be  able  to: 

A.     Determine  Equivalent  Temperature  Differences  for  each  component  using 
appropriate  tables* 

Calculate  Total  Cooling  Loads. 

C.    Estimate  Seasonal  Cooling  Loads. 

RESOURCES 

Same  as  IP-1     Calculating  Seasonal  Heating  Load* 


ACTIVITY 


Some  o£  the  values  obtained  from  lP-1  are  used  in  the  calculation  for 
Total  Cooling  Load:     "R'^  values  (U=1/R)  and  ^ ,  surface  area,    ^T  is  replaced 
with  Equivalent  Temperature  Difference  (ETD), 

A-  Obtain  the  outside  design  temperature  and  the  daily  range  of  temperatures 
from  an  Amer  ican  Society  for  Heatings  Refrigeration ^  and  Air  Conditioning 
(ASHRAE)  table,     (Cooling  and  Heating  Load  Calculations  Manual,  p,  23  and 


B.  Determine  the  ETD  for  each  component  of  the  building  from  an  appropriate 
table.     (ASHRAE,  p.  7.8  and  7.22)  , 

C.  Using  the  equation  Qcs  -  UZ^(ETD),  calculate  the  conduction  Sensible  Cool- 
ing Load  for  each  building  component.    Add  the  components  to  arrive  at  a 
total .     Record  this  figure. 

D.  Find  the  infiltration  Sensible  Cooling  Load  by  using  an  appropriate  table 
(ASHRAE  p.  25-41). 

E.  Add  the  figure  from  to  the  figures  from  ^^C^^  to  arrive  at  the  total 
cooling  load.    Record  this  figure. 

F.  Seasonal  Cooling  Load  for  the  building  under  audit  is  estimated  by  using 
the  ^^Cooling  Degree^Day  Method/'    This  method  is  similar  to  the  "Degree- 
Day  Method"  for  estimating  Seasonal  Heating  Load.     Instead  of  using  the 
value  "EhD**  obtained  in  Activity  I  of  lP-^1.    Replace  it  with  "EhDc,'* 
which  can  be  obtained  from  appropriate  tables,     (Available  from  National 
Climate  Centre,  Asheville,  NCJ   Using  the  following  formula,  estimate 
Seasonal  Cooling  Load. 


D-Dc  =  Degree  Days  Cooling 

Where  AT  in  this  case  is  taken  to  be  IS^F    (90^      75^  =  15^) 
FEEDBACK 

Objective  A-C  Check: 

1.  Upon  completion  of  the  activities,  meet  with  your  instructor  to  go  over 
your  calculations  and  to  ask  any  questions  you  may  have, 

2,  Retake  the  prercheck  to  see  if  you  have  reached  the  objectives  as  stated. 


7.16) 


Qcs  =  Qcs  X  (D-Dc)  x  24 
A,  T 


Qcs  =  Seasonal  Cooling 
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MEASURE  HEAT  LOSS  AND  GAIN 


IP-3. 


Evaluating  Energy  Audit 


OBJECTIVES  .  - 

You  have  now  calculated  both  Seasonal  Heating  Load  and  Seasonal  Cooling 
Load  for  either  a  real  or  imaginary  building.    Upon  completion  of  this  instruc 
tional  package,  you  will  be  able  to: 

A*     Evaluate  the  importance  of  thermal  resistance,  building  area,  and  inside 
vs,  outside  temperatures  in  the  efficient  heating  and  cooling  of  a  build- 


s'    Identify  measures  that  could  decrease  the  heating  and  cooling  loads  for 
the  building  under  audit. 

RESOURCES 

Same  as  IP-1  and  IP^2* 


ing* 
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ACTIVITIES 

A.  Reviev  one  or  more  of  the  listed  references  for  this  instructional  package. 

B.  Inquire  of  neighbors  and  friends  who  have  improved  the  energy  efficiency  of 
their  homes  the  techniques  they  used^  and  relate  your  findings  to  the  class 
or  to  the  instructor* 

C-     Make  a  list  of  vays  you  think  might  improve  the  energy  efficiency  of  your 


D.     Bring  into  class  information  on  efficiently  designed  buildings  gleaned  from 
magazines^  journals-,  and  local  newspapers.     Decide  vhat  factors  (U*A,  or  T) 
have  been  most  influential  in  the  efficiency  of  the  design.     Share  your 
thoughts  with  the  class  and  your  instructor. 


FEEDBACK 

Objective  A-D  Check: 

1*     Meet  with  your  instructor  concerning  activities  B,  C,  and  D,    Ask  any  ques- 
tions you  may  have  and  bring  up  any  points  you  feel  are  important, 

2*     Retake  the  pre-^check. 


home. 
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POST-CHECK 


MEASURE  HEAT  LOSS  AND  GAIN 


A  building  measures  24x36  vd.tb  an  8'  ceiling.     Construction  details  are 

as  drawn.    Compute  seasonal  beating  load.     (There  are  no  vd.ndows  or  doors.) 

NOTE:    Use  Sample  Format 


This  building  is  located  in  Boston^  Massachusetts.     Show  all  work. 
Round  off  to  whole  numbers.    Check  your  answer  with  the  instructor. 


POST-CHECK  (Continued) 


MEASURE  HEAT  LOSS  AND  GAIN 


SAMPLE  FORMAT 


Determine  R-Values  and  U-Values  for  the  building  components, 

R  V 


Wall 

Ceilings 

Floors 

Windows 

Doors 


Determine  areas  of  building  components, 

Ext,  Walls   

Ceilings    *t 

Windows   

Floors   

Doors   

Determine  ^T, 

Temperature  inside   

Design  Temperature  outside   ^op 


Calculate  heat  flow  by  conduction  (Qc) 

walls    BTU/HR 

Ceilings    BTU/HR 

Floors  '    BTU/HR 

Windows    BTU/HR 

Doors    BTU/HR 

Determine  heat  flow  by  infiltration  (Qi), 

qi  =  ,018     X    Qi  X  ^  T 

Calculate  Total  Heat  Flow  From  Building 


Qc      =    BTU/HR 

Qi      =    BTU/HR 

Q  Total  =    BTU/HR 
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POST-CHECK  (Continued) 
MEASURE  HEAT  LOSS  AND  GAIN 


7,     Estimate  Seasonal  Heating  Load. 
Qs  =    BTU/Season 

NOTE:        Use  a  similar  sample  format  to  estimate  cooling  load  calculations. 
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POST-CHECK  KEY 
MEASURE  HEAT  LOSS  AND  GAIN 


Inscancaneous  Heat  Loss 
Seasonal  Heat  Loss 


11,917  BTU/Hr 
28j600,800  BTU/Season 
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MDBDLE  TWELVE 
CALCXJIATING  ELECTRICAL  ENERGY 
USAGE  (AIJDIT)  FOR  A  TYPICAL  RESIDENCE 


Prepared 


by 


William  G,  Hoefert 
Department  of  Industrial  Art /Vocational  Education 
State  University  College 
Buffalo^  N*T* 


USDQE  Sponsored  Faculty  Development  Workshop  on  Energy 
Conservation  for  lAE  at  NOrth  Carolina  State  University 
June  I98If  R*E*  Wenlg^  Director 
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CALCULATINC  ELECTRICAL  ENERGY  USAGE 
(AUDIT)  FOR  A  TYPICAL  RESIDENCE 


TERMINAL  PERFORMANCE  OBJECTIVE 

This  electrical  energy  audit  (usage)  module  Is  designed  to  provide  the 
learning  experiences  necessary  for  conducting  an  electrical  usage  audit  for  a 
typical  residence* 

Achievement  of  the  terminal  performance  objective  will  be  accomplished  by 
successfully  completing  three  Instructlnal  packages  (IP) +    Prior  t%  satisfying 
the  IP*s  requirements^  a  pre-check  evaluation  will  be  required  to  determine  the 
Individual's  technical  competency  level*    The  results  of  this  pre-check  may  be 
used  to  diagnose  and  prescribe  the  IP's  that  are  required  to  complete  this 
Instructional  module+    Individuals  unfamiliar  with  technical  data  of  this  module 
should  eliminate  the  pre-check  and  begin  the  first  IP*    Those  who  take  the  pre* 
check  will  record  the  results  below* 


INSTRUCTIONAL  PACKAGES 

IP-1+       Inventorying  electrical  consuming  devices 
and  manufacturer's  data  plate 
Information 

IP-2+       Electrical  Formula  Review 

IP-3+       Calculating  power  consumption 


KNOW  NEED 
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PRE-CHECK 


CALCULATING  AN  ELECTRICAL  ENERGY  USAGE 
(AUDIT)  FOR  A  TYPICAL  RESIDENCE 


DIRECTIONS:    Place  the  correct  answer  on  the  line  adjacent  to  the  question 

number.  Upon  completion  of  the  pre-check  evaluation,  check  the 
answers  with  the  Instructor.  If  any  question  per  IP  Is  missed. 
It  will  be  necessary  to  complete  the  entire  module.  Record  the 
IP  results  on  page  1. 

IP-1 .        InventoryinR  Electrical  ConsuminR  Devices  and  Manufacturer's  Data 
Plate  Information  Collection 

  1.    Various  forms  of  converted  energy  are: 

a.  light,  heat,  radiation 

b.  work,  noise,  light,  sound 

c.  light,  heat,  radiation,  motion: 

d.  radiation,  sound,  work,  light 

  2.    List  five  pieces  of  technical  data  found  on  the  manufacturer's 

data  plate: 

a. 

b. 

c. 

d. 

e. 

  3.    A  refrigerator  connrerts  electrical  energy  into  which  form  of 

energy: 

a.  light 

b»  heat 

c*  radiation 

d .    none  of  the  above 

  4.    TJhat  does  the  E.E.R.  number  found  on  electrical  consuming  device 

data  Information  plate  refer  to: 

a.  light  and  heat  energy 

b.  motion  and  heat  energy 

c»    radiation  and  motion  energy 
d .    heat  and  light  energy 

5.    A  microwave  oven  primarily  produces: 
a*    light  and  heat  energy 

b.  motion  and  heat  energy 

c.  radiation  and  motion  energy 

d.  heat  and  light  energy 
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CALCULATINf;  AN  ELECTRICAL  ENERGY  USAGE 


(AUDIT)  FOR  A  TYPICAL  RESIDENCE 


Electrical  Formula  Review 

1*    XJhen  given  the  voltage  and  resistance  parameters  of  an  electrical 
consuming  device  which  power  formula  Is  appropriate  to  use? 

2 

a,    P  =  1 


b,  P  =  R5 

1 

c,  P  -  E  X  1 

d,  P  =  1^ 

2,  An  electric  toaster  when  connected  to  a  120  volt  source  draws 
4  amps,  of  current,    What  Its  internal  resistance? 

a,  30  ohms 

b,  300  ohms 

c,  512  ohms 

d,  51*2  ohms 

3,  What  Is  the  voltage  drop  across  a  lamp  that  has  an  internal  R  of 
60  ohm  and  draws  2  amps*  of  I? 

a*    30  volts 

b,  120  volts 

c,  60  volts 

d,  12*0  volts 

4,  How  much  current  flows  through  a  soldering  iron  that  has  an 
Internal  R  of  120  ohm  when  connected  to  a  120V*  power  source? 

a,  ,1  amp* 

b,  ,01  amp* 

c,  1  amp* 

d,  10  amp*   

5,  What  is  the  EER  number  for  an  electrical  unit  that  has  a  cooling 
capacity  of  5000  BTU*  the  voltage  rating  is  115  volts  and  draws 
6*7  amps* 

a,  43*47 

b,  5*79 

c,  746*26 

d,  57*9 
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CALCUIATING  AK  ELECTRICAL  ENERGY  USAGE 


(AUDIT)  FOR  A  TYPICAL  RESIDENCE 


IP-3,       Calculating  Power  Consumption 


1*    An  Ice  cream  maker  manufacturer's  data  plate  contain  the  follotidLng 
Information         technical  terms  explain  what  Information  each 
Item  conveys: 

a,  120V 

b,  60  cps 
c*    1*2  amp 
d,    AC  only 

household  use^  only 

2*    Calculate  the  total  kilowatt  hours  used  in  the  following  problem* 
All  equipment  operates  on  120  VAC  supply* 

a*    1200  watts  toaster  operated  for  6  mln*  on  day  1»  20  min,  on 
day  2  and  an  average  of  15  mln* /day  for  day  3,4  and  5* 

b*    An  electric  range  uses  3000  watts  for  45  min*  on  day  1»  2500 
for  30  mln*  on  day  2,  4000  xratts  for  1  hour  on  day  3,  3500 
watts  for  1*4  hours  on  day  4,  and  2500  watts  for  2  hours  on 
day  5* 
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PRE-CHECK  KEY 
CALCULATING  AK  ELECTRICAL  ENERGY  USAGE 
(AUDIT)  FOR  A  TYPICAL  RESIDENCE 


IP-1.       Inventorying  Electrical  Consuming  Devices  and  Manufacturer's  Data 
Plate  Information  Collection 

1.  C 

2.  A.  voltage  requirement 
B*  current  drain 

C*  serial  number 
D*  model  number 

E,  underwriter's  approval 

F.  EER 

3.  D 

4.  Energy  efficiency  ratio  (EER),  expressed  In  BTD's  per  watthour. 
Is  quotient  of  the  cooling  capacity  the  unit  In  BTU*s  per  hour 
divided  by  Its  electrical  Input  power  In  watts, 

5.  C 


IP-2,       Electrical  Formula  Review 


1,  D 

2,  A 

3,  B 

4,  C 

5,  B 


IP-3 .       Calculating  Power  Consumption 

1,  Test  Item 

A,  voltage  supply  sbould  be  120  V 

B,  use  a  voltage  that  has  a  frequency  of  60  Eertzs 

C,  current  drain  1,2  amps* 

D,  use-only  60  Hertz  AC 

E,  underwriter's  approved  for  household  use  only 

2.  A,    2.49  Kilowatt  hours 
B.    17.3  Kilowatt  hours 
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CALCULATING  ELECTRICAL  ENERGY  USAGE 
(AUDIT)  FOR  A  TYPICAL  RESIDENCE 

IP-1.    Inventorying  Electrical  Constimlng  Devices  and  Recording  Manufacturer's 
Data  Plate  Information 

OBJECTIVES 

The  instructional  objective  of  IP"1  Is  to  provide  the  learner  with  an 
opportunity  to: 

A.      Deirelop  an  operational  definition  for  each  energy  category. 

5.      Inventory  home  (Including  garage  and  workshop  equipment)  electrical 
constanlng  devices. 

C.      Interpret  the  manufacturer's  data  plate  Information* 

RESOURCES 
Books: 

1981  Directory  of  Certified  Room  Air  Conditioners  by  The  Association  of  Home 
Appliance  Manufacturers,  1981,  C3,  4  and  5* 

Home  Energy  Conservation  Primer  by  Michael  Vogel,  West  Virginia  University, 
1979,  p.  24. 

Physics  by  Irwin  Guenler,  Silver  Burnett  Co,,  1969,  Chapters  4,  12  and  13, 
National  Electrical  Code  by  National  Fire  Protection  Association,  1981, 
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ACTIVITY 


A+       Develop  an  operational  definition  for: 

Lights  motion  and  radiation 

B*       Inventory  the  electrical  consuming  devices  in  a  home/ small  building 
and  record  the  manufacturer's  name  plate  data  on  Charts  l*-5  + 

A,    Information  accumulated  in  Chart  1  exceeds  that  required  for  completing 
an  energy  audits  however  this  additional  data  vill  be  useful  for 
maintaining  an  inventory  list  and  operational  condition  of  the  equip- 
ment* In  addition^  it  contains  the  basis  for  evaluating  circuit  load 
distribution*    This  activity  vUl  be  accomplished  in  the  module 
entitled  "Energy  Used  in  Snail  Buildings  and  Homes*** 


FEEDBACK 

Objective  A-C  'Oheck: 

1*  List  five  pieces  of  information  found  on  the  manufacturer's  data  plate: 
A* 
B* 
C* 
D* 
E* 

2*       What  is  the  purpose  of  the  manufacturer's  data  plate  information? 
3*       Restate  the  enabling  objectives  in  operational  form* 


A+       Energy  that  is  required  to  raise  the  temperature  of  a  specific  mass 
B*       Energy  that  produces  a  visual  wavelength 

C*       Energy  that  produces  rotation,  expansion^  contraction  or  other  forms  of 
movesnent  * 

D*     ^  Energy  that  produces  magnetic  or  electric  fields* 
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CALCUIATIKG  AN  ELECTRICAL  ENERGY  USAGE 
(AUDIT)  FOR  A  TYPICAL  RESIDENCE 


IP-2 .       Electrical  Formula  Review 
OBJECTIVES 

The  objective  of  IP-2  is  a  matheniatlcal  review  of  electrical  problem 
solving  associated  with  power  consumption.    When  completing  this  activity  the 
learner  will  be  able  to: 

*  * 

A,      Solve  ohm  law  problems  with  interaction  between  voltage,  current  and 
resistance* 

5,      Solve  electrical  power  related  problems* 

C*      Develop  the  relationship  between  the  watt  and  watt  hour* 

RESOURCES 
Books: 

Physics  by  Irwin  Genzer,  Silver  Burdell  Co*,  1969,  Chapters  10  and  16* 

Understanding  Electricity  and  Electronics  by  Peter  Bubaa  and  Marshall  Schmltt, 
McGraw-Hill  Company,  1975,  Chapters  6,7,8  and  9* 
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ACTIVm 

A,  Review  the  reference  material  that  embraces  electrical  problem  solving, 

B,  Complete  the  followliig  ohm's  law  formula: 
X,    R  -  

2-  I'  

3,    E  »  

C,  List  the  three(3)  power  formulas: 
X,    P  =  

2,  P  =  

3,  P  =  

D,  Explain  the  process  for  changing  watts  to  watt  hours: 

E,  VJhat  formula  will  convert  watt  hours  to  kilowatt  hours, 

F,  '  Solve  the  following  problems.    State  the  formula  to  he  used  and  show  all 

work, 

X,    A  XO  ohm  heating  element  when  connected  to  a  240  VAC  source  will  draw 
how  many  amperes  of  current- 

2,  What  is  the  hot  resistance  of  a  lamp  that  draws  4  amperes  of  current 
when  connected  to  X20  VAC? 

3,  The  voltage  required  to  operate  a  hair  dryer  with  an  internal  R  of 
X2  ohms  drawing  XO  amperes* 

4,  Find  the  power  consumed  1^  Problems  a^b  and  c*    Use  only  the  data 
presented  In  each  problem* 

a.    Problem  "A" 
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FEEDBACK 

Objective  A"C  Check; 

1,  Check  the  solution  to  problems  A  through  I  with  the  Instructor*  Obtain 
additional  review  problems  for  those  missed* 

2,  Restate  the  enabling  objectives,  in  operational  form* 


Instructor's  Approval 
IP-2*  grade   
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ACTIVITY  cont* 

b*    Problem  "B" 


c*    Problem  *'C" 


5+    How  many  watt  hours  of  power  are  consumed  by  the  heating  element  in 
problem  "A"  vhen  voltage  is  applied  for  10  hours? 


6*    The  lamp  in  problem  '*B"  is  allowed  to  bum  for  24  hours*    How  many 
watt  hours  of  power  are  consumed? 


7*    Assume  that  the  hair  dryer  is  used  intermittently  during  a  24  hour 
period  for  a  total  of  6  hours*    How  many  watt  hours  are  consumed^ 


8.    Vhen  all  of  the  three  devices  are  simultaneously  used^  what  is  the 
total  power  consumption? 


9+    Complete  the  following  chart*    Data  previously  calculated  should  be 
used* 


Device 

£ 

R 

I 

P 

tiours 
of 

operation 

watt 
f£ours 

kilo 
watt 
hours 

Heating  Element 

Lasip 

Hair  Dryer 

lotil's.  I 

FEEDBACK 


,  1.     R  =  E 
1 

2.  1  =  E 

R 

3.  E  =  1  X  R 

C.  1.     P  =  E  X  1 

2.  P  =  l^R 

3.  P  =  E^ 

R 

D.  Multiply  the  number  of  watt  X  the  time  in  hours  used  for  each  device.    Then  add 
the  watt  hours  of  each  device  to  obtain  total  watt  hours. 

E.  Divide  the  total  watt  hours  by  1000 
Kilowatt  hours    =  total  watt  hours  . 

1000 

F.  1 .  24a 

2.  300  ohms 

3.  120  volts 

4.  a.    5760  watts  ■■  ^ 

b.  480  watts  ,  ) 

c.  1200  watts 

5.  57600  wh 

6.  11520  wh 

7.  7200  wh 

8.  76320  watts 

watt  kilowatt 
hours  hours 

57600  57.6 

11520  11.520 
7200  72. 
76,320  76.320 

24f 


Device 

E 

R 

I 

P 

hours 
used 

Heating  device 

240 

10 

24 

5760 

10 

Lamp 

120 

30 

4 

480 

24 

Hair  Dryer 

120 

12 

10 

1200 

6 

Total 

XXX 

XX 

34 

7440 

XX- 
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CALCULATING  ELECTRICAL  ENERGY  USAGE 
(AUDIT)  FOR  A  TYPICAL  RESIDENCE 

IP*3 -        Calculating  Power  Consumption: 
OBJECTIVES 

The  Instructional  objectives  of  are  designed  to  provide  the  learner  with 

an  opportunity  to  develop  learning  skills  in: 

A,  Categorizing  electrical  devices  according  to  their  energy  producing 
capabilities. 

B,  Calculating  the  energy  or  power  requirement  for  the  inventory  list, 

C,  Estimating  the  monthly  energy  consumption, 

D,  Evaluating  the  relationship  that  exists  between  the  estimated  and  measured 
power  consumed* 

HOTE:     It  will  be  necessary  to  measure  the  kilowatts  used,  for  one  month 
to  complete  this  table. 

RESOURCES 
Books : 

Electrical  Circuit  Actions  by  Henry  Veatch,  Science  Research  Assoc*,  Inc, ,  1978, 
pp*  437-438, 

Physics  by  Irwin  Genzer,  Silver  Burdett  Company,  1969,  pp.  306-308,  430-435-47* 
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ACTIVITY 


A.  Transfer  from  Chart  1  to  Chart  2  the  technical  data  necessary  to  compute  the 
unknowns  presented  in  Chart  2. 

B.  Calculate  the  unknown  power  requirements  for  each  device. 

C.  Estimate  the  daily  and  monthly  power  consumption  for  each  device. 

D.  Determine  the  degree  of  need  for  each  electrical  device  in  relationship  to 
effective  household  operation.    Use  a  realistic  approach  in  this  assessment » 
to  avoid  personal  prejudices.    They  influence  rational  judgment.  Devices 
necessary  for  physical  maintenance  (i,e,»hair  dryer,  roto  hoe)  code  number  2, 
luxury  items  (i,e,>  television,  projector)  code  number  3  and  last,  code  4 
unnecessary  items  (i«e,»  bug  killer,  dry  cell  charger), 

£. .      Measure  the  amount  of  electrical  energy  consumed  for  one  month.  Compare 
the  relationship  that  exist  between  the  estimated  and  consumed  amounts. 
Discussion  will  be  required  in  Step  F4  of  this  unit* 

F,        Follow  the  procedure  outlined  in  Steps  1-5  above  for  completing  Charts  3, 
4  and  3* 

Transfer  from  Charts  2,3,4  and  3  the  data  necessary  to  complete  Chart  6, 
H,        Complete  chart  on  demands  as  illustrated  in  item  IP*2,  Activity  F"9, 


FEEDBACK 

1.     List  three  reasons  why  knowledge  of  electrical  problem  solving  is  necessary 
when  conducting  electrical  energy  audit, 
a. 


Analyze  the  relationship  that  ^ists  between  the  estimated  and  consumed  energy. 
If  a  dispersion  of  plus  or  minus  3  percent  between  the  estimated  and  actual 
consumption  exists  present  reasons  for  the  variations* 


What  percentage  of  the  estimated  energy  consumed  is  dispersed  among  the  various 
need  categoried* 

a.  Necessary   \  % 

b.  Convenience   % 

c.  Luxury   Z 


d.  Not  necessary 

e.  Total 
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FEEDBACK  cont. 


4.    Write  a  detailed  analysis  of  the  data  coiapiled  in  this  IP  as  it  relates  to 
household  electrical  consumption.    Qnphasis  should  encompass  those 
concerns  for  non-essential,  consumption  of  electrical  energy  and  subsequen- 
tial  effects  in  living  standard  when  their  absence  is  encountered.  In 
summarizing  this  research,  don^t  fail  to  evaluate  the  equipment's 
operational  condition  and  the  economics  of  replacing  poor  energy  efficient 
units . 


Ins  true  tor's  Approval 
IP  Grade 
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POST-CHECK 


CALCULATING  ELECTRICAL  ENERGY  USAGE 


(audit)  for  a  typical  residence 


DIRECTIONS: 

Upon  completion  of  the  post-check  evaluation^  the  instructor  In  consultation 
with  the  learner  will  determine  the  degree  of  competency  achieved-  Discrepancies 
that  would  hinder  the  learner's  ability  to  achieve  with  a  certain  degree  of  suc- 
cess those  applied  activities  set  forth  in  this  laodule  will  be  required  to  perform 
additipnal  learning  activities. 

POST-CHECK  PROBLEM 

1,  The  following  electrical  Infonnatlon  vas  taken  from  a  heat-cooling  unit* 

1  Phase  208V 

Cooling  BTU    12000  BTU  Beating  cap.    9400  BTU 

Motor  Fan  l/6  hp, 

a.  Calculate  the  kilowatt  hours  used  when  the  cooling  compressor  runs  80%  of  the 
time  during  a  3-day  period  and  the  fan  motor  runs  continuously  during  the 
same  period. 

b.  Calculate  the  kilowatt  hours  used  when  the  heater  unit  is  on  70%  of  the  time 
during  a  3-day  period  and  the  fan  motor  runs  85%  of  the  time  during  this  period, 

2,  For  each  form  of  energy  list  three  pieces  of  electrical  equipment  for  each 
category, 

a.  Energy  form   

b.  Electrical  equipment 


1, 
2, 
3. 


Energy  form 


Electrical  equipment 


1, 
2, 
3. 


e.    Energy  form 


f.    Electrical  equipment 


1, 
2, 
3, 
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g.     Energy  form 


Electrical  equipment 


ERIC 


US 


453 


POST-CHECK  KEV 


la-     1455  kwh 
b-     1062  kwh 

2a.  Heat 
b.     typical  examples 

1.  space  heater 

2.  soldering  iron 

3.  slowfood  cooker 

c.  motion 

d.  typical  examples 

1.  table  saw  motor 

2.  Hi  Fi  equipment  output 

3.  Sump  pump  motor 

e.  light 

f.  typical  example 
1-     light  bolt 

2.     picture  of  TV  set 
3-  projector 

g.  Radiation 

1,  microwave  oven 

2,  radio  transmitter 

3,  X-Ray 
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MODULE  THIRTEEN 

DESIGN  CRITERIA  FOR  PASSIVE  SOLAR  ENERGY  EFFICIENT 
RESIDENTIAL  CONSTRUCTION 


Prepared 
by 


Howard  M*  Faulkner 
University  of  Southern  Maine 
Gorhania  Maine 


USDOE  Sponsored  Faculty  Development  Workshop  on  Energy 
Conservation  for  lAE  at  North  Carolina  State  University 
June  1981    -    R-E,  Wenig^  Director 
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DESIGN  CRITERIA  FOR  PASSIVE  SOLAR  ENERGY  EFFICIENT 
RESIDENTIAL  CONSTRUCTION 


Passive  solar  designed  homes  can  provide  exceptional  energy  saving  and 
comfort.    Following  the  considerations  presented  in  this  module  will  allow  the 
architect j  builders,  and  home  owner  factors  to  use  in  achieving  the  best  design. 

TERMINAL  PERFORMANCE  OBJECTIVE 

At  :.he  conclusion  of  this  module  the  student  will  be  able  to  prepare  a  list 
of  design  criteria  to  be  considered  or  employed  in  an  energy  efficient  residence 
which  utilizes  passive  solar/thermal  mass  construction  techniques. 

As  a  result  of  earlier  study  or  practical  experience,  you  may  already  have 
a  good  understanding  of  energy  efficient  design  techniques.    You  may    wish  to 
take  the  pre-check  to  determine  the  extent  of  your  knowledge  on  this  topic. 
More  than  one  incorrect  response  in  any  section  of  the  pre-check  will  require 
completion  of  the  appropriate  instructional  package. 

A  final  grade  of  90%  is  required  on  the  Post-Check  to  demonstrate  an  accept- 
able knowledge  of  this  topic. 

INSTRUCTIONAL  PACKAGES  KNOW  NEED 

IP-1  Building  Site  as  a  Design  Consideration 

for  Passive  Solar  Homes     


IF-2  Shape  and  General  Design  Consideration 

of  an  Energy  Efficient  Passive  Solar 
Home 


IP"3  Construction  Details  of  a  Passive  Solar 

Hoine 
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PRE-CHECK 


DESIGN  CRITERIA  FOR  PASSIVE  SOLAR  ENERGY  EFFICIENT 
RESIDENTIAL  COHSTRUCTION 


Directions:      This  pre-check  £s  in  three  sections.    More  than  one  incorrect 

response  in  any  section  suggests  an  unsatisfactory  understanding 
of  that  suh-topic  and  will  require  the  student  to  pursue  study  of 
the  appropriate  instructional  package(s)  and  successful  comple- 
tion of  the  post-check,  ^ 


IP-1. 


Building  Site  as  a  Design  Consideration  for  Passive  Solar  Hofues 

Site  selection  is  the  first  and  often  most  important  consideration  for 
any  energy  efficient  building.    Generally,  a  passive  solar  residence 
should  be  located  to  receive  direct  sun  in  the  winter  from; 


A,  7  a.m,  to  5  p,m, 
B-    9  a.m,  to  3  p.m. 


C,  6  a.m,  to  4  p.m, 
8  a,m,  to  5  p.m. 


Most  experts  agree  that  a  building  site  should  be  ideally  located  on  a 


A-     flat  lot 

B-     north  sloping  lot 


C.  south  sloping  lot 

D.  west  sloping  lot 


A  building  site  with  natural  trees  can  be  helpful  if; 

A.  None  of  the  trees  are  too  tall 

B,  Evergreens  are  to  the  north  side  and  deciduous  to  the  south  C, 
Evergreens  are  on  all  sides 

D.     Deciduous  are  on  all  sides 

Climate  is  a  major  factor  in  site  selection/  The  major  climate  zones 
in  the  United  States  are  generally  recognized  to  be; 


A,  Coldj  temperate,  hot-humidj  hot-arid 

B,  Cold }  temperate }  tropical 

C,  Frigid ,  temperate ,  sub-tropic ,  tropical 

D,  Northern  and  southern  zones 

IP-2-        Shape  and  General  Design  Consideration  of  an  Energy  Efficient  Passive 
Solar  Home 


Generally,  experts  agree  that  a  well  designed  passive  solar  building 
will  be; 


A.  As  close  to  square  as  possible 

B.  Square  with  maximum  glass  to  the  south 

C,  Elongated  N-*S  orientation 

D,  Elongated  E^W  orientation 


336 


357 


PRE-CHECK  (Continued) 


DESIGN  CRITERIA  FOR  PASSIVE  SOLAR  ENERGY  EFFICIENT 
RESIDENTIAL  CONSTRUCTION 


Buildings  with  shapes  which  disregard  the  impact  of  the  sun  may  re-^ 
quire: 

A.  Excessive  amounts  of  energy  to  heat  C.     Both  A  and  B 

B.  Excessive . amounts  of  energy  to  cool  D.    None  of  the  above 

Traffic  patterns  in  a  residence  should  be  carefully  planned  for  a 

maximum  hall  space »  not  to  exceed    of  the  total  area  of  the 

house: 


A.  10% 

B.  15% 


C.  17% 

D.  4% 


Generally,  rambling  strv      res  are  being  replaced  with: 

A.  Cubical  buildings  with  a  maximum  surface  area  and  minimum  roof 
area 

B.  Cubical  buildings  with  a  minimum  surface  and  roof  area 

C .  Dom€  build ings 
D-     Saltbox  designs 


XP-3,        Construction  Details  of  a  Passive  Solar  Home 

 1,     A  thermal  mass  such  as  a  masonry  wall  or  floor  can  be  very  effective 

in: 


A.  Storing  heat 

B,  Storing  cold 


C.  Both  A  and  B 

D.  Blocking  out  cold  winter  winds 


The  sizing  of  an  interior  thermal  mass  wall  is  critical  to  insure 
it  is: 


A.  Not  too  large  for  the  interior  room  area 

B.  Not  too  large  for  the  amount  of  south  wall  glass  area 

C.  Both  A  and  B 

D.  ■  None  of  the  above 

Entry  air  locks  are  proven  effective  in  preventing  heat  (or  cold) 
from  escaping  from  a  building  by  as  much  as: 


A.  5% 

B,  3% 


C.  10% 
D-  18% 
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PRE-CHECK  (Continued) 


DESIGN  CRITERIA  FOR  PASSIVE  SOLAR  ENERGY  EFFICIENT 
RESIDENTIAL  CONSTRUCTION 


The  miniiiium  recommended  side  wall  insulation  in  new  residence  con^ 
struction  in  a  "cold"  climate  is; 

A*    R30  C*  Rll 

R9  D*  RX9 

5*  ,  New  house  construction  should  have: 


A.    Double  pane  insulated  glass  windows  C.    Vapor  barriers 

B*    Weathers  tripping  on  all  doors  D*    All  of  the  above 


:ERIC 
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PRE-CHECK  KEY 


IP-1. 


IP-2. 


^    DESIGN  CRITERIA  FOR  PASSIVE  SOLAR  ENERGY  EFFICIENT 
RESIDENTIAL  CONSTRUCTION 

Building  Site  as  a  Design  Consideration  for  Passive  Solar  Homes 


I. 
2. 
3. 
4. 
5. 


Shape  and  General  Design  Consideration  of  an  Energy  Efficient  Passive 
Solar  Home 


1. 
2. 
3. 
4. 
5. 


Construction  Details  of  a  Passive  Solar  Home 


1. 
2. 
3. 
4. 
5. 
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DESIGN  CRITERIA  FOR  PASSIVE  SOpVR  ENERGY  EFFICIENT 
RESIDENTIAL  CONSTRUCTION 


IF-*1.        Building  Site  as  a  Design  Consideration  for  Passive  Solar  Homes 
OBJECTIVES 

Upon  completion  of  this  instructional  package,  you  will  l>e  able  to; 

A.     List  at  least  four  (4)  important  considerations  for  a  building  site  for 
an  energy  efficient  passive  solar  home, 

B-     Prepare  a  simple  technical  sketch,  to  scale,  which  will  demonstrate  the 
considerations  in  "A*'  above. 

One  of  the  first  building  design  considerations  for  an  energy  efficient 
passive  solar  home  is  the  building  site. 


RESOURCES 
Books : 

The  Passive  Solar  Energy  Book.    Mazria,  E,    Rodale  Press,  Emmaus ,  PA;  1979, 
pp.  73. 

Architectural  Drafting  and  Design.    Weidhass-    Boston,  MA;    Allyn  and  Bacon, 
1978. 

Design  and  Construction  Handbook  for  Energy  Saving  Homes.    Wade,  Alex,  Eramaus, 
PA;     1980,  pp,  20. 

Pamphlet; 

DOE/lR/0605-l  Part  I 

Providing  for  Energy  Efficiency  in  Homes  and  Small  Buildings.    June  1980, 
pp,  56-58. 

Film; 

The  Solar  Builders  -  and/or  Solar  Design,     Free  from  National  Solar  Heating 
and  Cooling  Information  Center,  P.O.  Box  1607,  Rockville,  MD  20850, 


ACTIVITY 


A*     Utilize  one  or  more  of  the  resources  on  the  preceding  page  as  may  be  neces- 
sary. 

Attend  a  lecture  on  the  topic  of  solar  home  orientation.     Use  information 
sheets  from  reference  pamphlet  Part  I,  pages  49-56. 

C*     Sketch  in  pencil  a  simple  building  lot  with  a  residence  located  appropri- 
ately on  the  lot.     This  exercise  may  be, real  or  hypothetical.    Use  an  8  1/2 
X  11"  piece  of  bond  paper  with  a  light  1/4"  grid.     Select  an  appropriate 
scale.     Show  the  direction  of  the  slope  of  the  lot,  N-S  orientation,  shape 
of  the  building  foundation,  landscaping  features,  and  approximate  lot  and 
building  dimensions. 


FEEDBACK 

Objective  A  Check: 

1.     As  soon  as  you  have  completed  the  "B"  activity,  meet  with  your  instructor 
to  discuss  any  questions  you  may  have  relative  to  the  topic. 


Objecitve  B  Check: 

2.     Have  your  instructor  check  your  sketch  activity  "C"  as  soon  as  it  is  com- 
plete. 


Instructor's  Approval 
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DESIGN  CRITERIA  FOR  PASSIVE  SOLAR  ENERGY  EFFICIENT 
RESIDENTIAL  CONSTRUCTION 


IP-2.  Shape  and  General  Design  Considerations  of  an  Energy  Efficient  Passive 

Solar  Home 

OBJECTIVES  ' 

Upon  completion  of  this  instructional  package^  you  will  be  able  to: 

A,      Prepare  a  comprehensive  listing  of  at  least  six  (6)  important  building 
shape-general^  design  criteria, 

5.      Prepare  a  simple  sketch  demonstrating  as  many  of  these  principles  as 
possible. 

The  building  shape  and  general  design  of  an  energy  efficient  passive 
solar  home  is  of  course  very  critical  if  it  is  to  function  as  desired. 


RESOURCES 
Books: 

The  Passive  Solar  Energy  Book.     Mazria,  E.     Emmaus,  PA:     Rodale  Press,  1979. 
p.  79-83. 

From  the  Ground  Up.     Cole  and  Wing.     Boston:    Atlantic^  Little^  Brown  Pub. , 
1976,  p.  13-48. 

Solar  Dwelling  Design  Concepts.     AlA  Research  Corp,  Supt.  of  Documents,  St. 
#023-000-00334-1,  1976. 

Pamphlet : 

DOE/IR/07065-l  Part  I.     Providing  for  Energy  Efficiency  in  Homes  and  Small 
Buildings  J  June  1980,  p.  56-65. 

Slides: 

Passive  Solar  Slide  Show  w/  Audio  Cassette  by  Total  Environmental  Action,  Inc. , 
Church  Hill,  Harrisville,  NH  03450. 


ACTIVITY 


A,  Utilize  one  or  more  of  the  resources  identified  on  the  preceding  page  as 
may  be  necessary. 

B.  Attend  a  lecture  on  the  topic  of  building  shape  and  general  design  for 
passive  solar  homes.    Use  information  sheets  reference  pamphlet  Part  I^ 
pages  58-60, 

C,  Identify  a  local  contractor  who  has  had  considerable  experience  in  building 
this  type  of  home*  Contact  this  person  and  arrange  to  visit  one  or  more  of 
the  homes  he  has  built  which  are  good  examples  of  passive  solar  design. 

D.  Contact  another  source  such  as  the  local  Audubon  Society^  an  architect^ 
local  power  and  light  companyj  or  gas  company  to  learn  what  resources  they 
may  have  to  assist  you  in  locating  other  examples  of  good  passive  solar 
homes  which  you  may  visit  and/or  learn  about  with  respect  to  floor  plans 
and  general  shape. 

£.      Sketch  on  8  1/2  x  11"  bond  paper  a  simple  floor  plan  of  a  passive  solar 
residence  you  have  visited  or  designed*    Use  a  separate  sheet  for  each 
floor  and  a  separate  sheet  for  the  front  and  one  side  elevation.     Select  a 
suitable  scale  and  provide  dimensions  for  the  outside  total  size  and  in- 
dividual home  sizes.    Keep  the  major  living  areas  to  the  south  side  of  the 
building  w/utility  areas  and  bedrooms  to  the  back*    The  maximum  hall  area 
should  not  exceed  10%  of  the  total  building.     Incorporate  an  entry  airlock, 
no  windows  on  the  north  wall,  at  least  6"  wall  thickness  w/S"  on  the  north 
wall  preferred. 

FEEDBACK 

Objective  A  Check: 

1.      Meet  with  the  instructor  of  the  lecture  you  attend  in  part  "B'*  of  activi- 
ties as  soon  after  the  presentation  as  possible  to  resolve  any  questions 
you  may  have  regarding  that  lecture. 

Objective  B  Check: 

1.  Have  your  instructor  check  your  sketches  and  discuss  them  with  you  as  soon 
after  they  have  been  completed  as  is  reasonable, 

2.  It  niay  be  advisable  to  discuss  your  sketches  with  the  builder  you  contacted 
in  activity  *'C**  to  benefit  from  that  person's  specific  ideas. 


Instructor  s  Approval 
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IP-3. 


Construction  Details  of  a  Passive  Solar  Home 


OBJECTIVES 

Upon  completion  of  this  instructional  package,  you  will  be  able  to: 

A,      List  at  least  ten  (lO)  major  factors  which  should  be  considered  and  likely 

employed  in  any  passive  solar/thermal  mass  homes. 

Explain  the  pros  and  cons  of  utilizing  the  concepts,  techniques,  or 
materials  identified  in  ^^A'^  above. 

C,      Prepare  cost  factors  for  each  item  in  "A"  above  to  show  the  approximate 
payback  period  for  each. 

There  are  many  specific  and  important  construction  details  to  be  carefully 
considered  in  passive  solar/ thermal  mass  homes. 


From  the  Walls.     Wing,  C.     Boston,  MA:    Atlantic,  Little,  Brown,  C;,,  1979. 

Designing  and  Building  a  Solar  House,     Watson,  D,     Charlotte ,  VT:  Gardenway 
Pub,  Co. ,  1977. 

Pamphlets: 

Technical  Bookie t^Insulat ion.     Owens/Coming  Fiberglass  #7.14/ow* 

Insulation  Guide  for  Homes  and  Apartments.     Carolina  Power  and  Light  Co.  , 
Raleigh,  NC,  1979. 

Energy  Savings-Do  it  With  Windows-Heat  Pumps-Weather  Proofing.    A  Technical 
Series  from  NC  Energy  Div.  ,  P.O*  Box  25249,  Raleigh,  NC  27611V/ 

Solar  Fact  Sheets.     P-assive  Solar  Heating-Cooling,  Storing  Solar  Heat  -  Windows 
and  Energy  Conservation  From;    US  Dept.  HUD,  Wash.  DC  20025. 

Window  Quilts.     Appropriate  Technology  Corp.,  P.O.  Box  9Z5 ,  Battleboro,  VT 
05302. 

DOE/IR/06065-I  Part  I.     Providing  for  Energy  Efficiency  in  Homes  and  Small 
Buildings.    June  1980,  pp.  60-71* 


RESOURCES 


See  resources  listed  in  IP-1  and  IP-2  as  well  as  the  following: 


Books : 


ERIC 
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ACTIVITY 


A*      Attend  one  or  more  lectures  on  Construction  Details  for  Passive  Solar/ 

Thermal  mass  homes.    Use  information  sheet  reference  DOE  Pamphlet,  Part  I, 
pages  60-71* 

Visit  experts  who  sell,  install,  and  service  products  (building  materials 
and  related  items)  which  would  likely  be  incorporated  into  a  passive  solar/ 
thermal  mass  home.     Specifically,  obtain  literature  and  a  working  knowledge 
of  at  least  one  of  the  following  items: 


1, 

Insulated  doors  and  windows 

z . 

Thermal  floor  and  wall  materials 

3. 

Greenhouses 

4. 

Insulation  (consider  several  types  including 
lose ,  s tyro foam,  ureaformaldehyde,  etc. ) 

fiberglass,  cellu- 

5. 

Heat  pumps 

6. 

Wood/coal  burning  stoves  (air-tight  variety) 

7. 

Low  water  -  no  water  toilets 

8. 

Low  volume  shower  "  faucet  heads 

9. 

Window  shutters  -  thermal  blankets  (quilts). 

etc. 

10. 

Timers  for  water  heaters 

11. 

Timers  for  heating-air  conditioning  systems 

12. 

Automatic  thermostat  setbacks 

13. 

Paddle  fans 

14. 

Location  -  gas  water  heaters 

15. 

Vapor  barriers 

16. 

Landscaping  for  energy  savings 

17. 

Pilotless  gas  heaters  -  stoves  -  water  heaters 

18. 

Weather  stripping  -  caulking 

C.  Carefully  consider  the  cost  effectiveness  of  all  the  items  in  "B"  above 
that  you  would  use  in  a  passive  solar  home  of  your  own.     Prepare  a  simple 
chart  showing  the  approximate  payback  period  for  each  of  these  items. 

D.  For  each  of  the  items  in  "B"  above  prepare  a  list  of  those  items  you  would 
definitely  use  in  a  new  passive  solar  home  of  your  own.  For  each  item  you 
select,  give  a  source  to  purchase  it  and  a  cost  of  the  items  installed.  If 
it  is  possible  to  purchase  and  install  the  item  yourself,  give  the  cost  of 
the  unit  only.  '  . 

E.  Prepare  a  list  of  any  other  energy  efficient  cost  effective  items  you  be- 
lieve to  be  appropriate  for  a  passive  solar/thermal  mass  home.    For  each 
item  give  a  resource  and  approximate  cost,  if  known* 
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FEEDBACK 


Objective  A  Check: 

1*      As  soon  after  attending  the  lecture  (in  Activity  A)  meet  with  the  instruc" 
tor  to  clarify  any  question  you  may  have  relative  to  the  material  pre- 
sented and  the  topic  in  general. 

Objective  B  Check: 

1,      Check  with  your  instructor  in  locating  experts  who  have  products  or  ser- 
vices of  an  energy  efficient  'nature. 

Objective  C,  Check: 

1,      When  you  have  completed  the  lists  in  Activities  Cj  Dj  and  Ej  present  them 
to  your  instructor  for  comment  and  evaluation. 


Instructor  s  Approval 
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DESIGN  CRITERIA  FOR  PASSIVE  SOLAR  ENERGY  EFFICIENT 
itESlDENTlAL  CONSTRUCTION 


Directions:        Respond  to  these  questions  by  selecting  the  most  correct  answer. 

Place  your  answer  on  the  line  immediately  to  the  left  of  the 
question. 

 1-      The  heat  loss  of  a  house  is  directly  proportional  to; 


A-  The  number  of  people  who  generaly  live  on  the  second  floor 

S-  The  exterior  surface  area 

C-  The  color  of  the  roof  shingles 

D-  The  ratio  of  1:5 

2.      The  "R"  value  of  a  building  material  is  the  measure  of  the: 


A-  Resistance  to  heat  flow  through  it 

B-  Resistance  to  cold  flow  through  it 

C.  Both  A  and  B 

D-  "Rating"  of  thermal  conductivity 

3-  It  would  be  common  to  have    air  changes  per  hour  in  an  energy 

efficient  house: 

A-    4-6  C-  1-2 

B-    3-5  D-    0-1  to  0-3 

4-  Generally,  a  passive  solar  home  would  have  no  windows  0£  doors  on  the 


A-    N-E  side  C.    N-W  side 

B-    N  side  D.     S-E  side 

5-      Solar  gain  is: 

A.    Available  only  in  the  summer 

B-    Available  only  on  bright  sunny  days 

C-    Heat  from  the  sun 

D-    Available  only  when  the  house  faces  magnetic  south 
6.      An  example  of  thesmtal  mass  would  be: 

A.  Any  masonry,  stone,  brick,  water,  slate,  etc.  surface  which 
would  receive  and  retain  solar  gain 

B.  Any  glass  surface 
C-    Any  roof  surface 
D-    None  of  the  above 
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DESIGN  CRITERIA  FOR  PASSIVE  SOLAR  ENERGY  EFFICIENT 
RESIDENTIAL  CONSTRUCTION 


The  orientation  of  a  home  on  a  building  lot  is  critical  for  a  passive 
solar  home.     Probably  the  most  important  factor  of  orientation  is  to 
have: 

A.    The  building  on  a  slightly  sloping  lot  facing  souths 

Town  water  and  sewage 
C-  Berming 

D,    Tall  trees  in  front 


8*      Generally,  experts  agree  that  triple  pane  glass  is: 


A,  Advisable  in  most  situations 

B,  Useful  on  the  south  wall 

C,  Always  cost  effective  on  north  walls 

D,  Rarely  cost  effective 

_9-      A  greenhouse  is  capable  of  providing: 

A,  Comfortable  living  space 

B,  Additional  heat  in  winter 

C,  A  place  to  grow  North  Carolina  yams 

D,  All  of  the  above 

10,  A  simple  "plot  plan*'  should  provide: 

A.  N-S  orientation  reference  C.     Important  dimensions  of 

B,  Location  of  buildingCs)  on  lot  All  of  the  above 

11,  Vapor  barriers  are  commonly  of: 

A.  10  mil  polyethylene  C,     1-2  Mil  kraft  paper 

B.  4-6  mil  polyethylene  *D.     Foil  faced  R30  insulation 

12-      When  .selecting  a  furnace  for  forced  warm  air: 

A,  Select  a  slightly  oversized  furnace 

B,  ^  Select  a  slightly  smsller  capacity  furnace  than  design  load 

C,  Select  the  same  size  as  design  load 

D,  Always  add  a  heat  pump  ^ 
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DESIGN  CRITERIA  FOR  PASSIVE  SOI*AR  ENERGY  EFFICIENT 
RESIDENTIAL  CONSTRUCTION 


Automatic  setback  thermostats: 

A.  Should  be  used  with  heating  systems  C.    Both  A  and  B 

B.  Should  be  used  with  cooling  systems  D,    Are  not  cost-effective 

Wood  stoves  are  frequently  a  good  source  of  additional  heat  in  a 
passive  solar  home.     Probably  the  best  type  to  use  is; 

A,  Sheet  metal  C.     A  barrel  type 

B,  Air  tight  D.    Made  of  heavy  boiler  plate 

Passive  solar  homes  frequently  make  use  of  a  longer  than  usual  roof 
overhang: 

A.  On  the  south  side  C.     On  all  but  the  north  side 

B.  On  all  sides  D-    On  the  north  side  only 

Passive  solar  homes  often  need  some  type  of  movable  insulation  for 
south  facing  windows  for  night  use.     It  should  be  possible  to  add  an 

**R**  value  within  the  range  of    with  one  or  more  off  the  shelf 

techniques: 

A.  1-3  C.  8-12 

B.  3-5  D.  19 

Domestic  hot  water  systems  are  usually  a  very  major  energy  user.  To 
minimize  this  energy  consumption  the  builder  should  seriously  consider 
using: 

A-    Quick  recovery  electric  hot  water  heaters         C-     ^'Demand"  systems 
B.     Oil  fired  units  D-    None  of  tht;  above 

Heating  and  cooling  ducts; 

A.  Should  always  be  insulated 

B,  Should  always  be  over  cei^Lings 

C.  Should  not  need  insulation 

D,  Should  be  insulated  if  located  outside  the  heating/cooling  enve- 
lope 

The  best  type  of  caulking  material  for  sealing  electrical  outlets^  and 
metal  window  frames  is: 

A,  Silicone  rubber  *  C,     Butyl  rubber 

B,  Acrylic  latex  D,    Mortar  patch 


370 


349 


^     POST-CHECK  (continued) 

DESIGN  CRITERIA  FOR  PASSIVE  SOLAR  ENERGY  EFF.ICIENT 
RESIDENTIAL  CONSTRUCTION 


20.      In  climates  where  there  is  a  marginal  need  for  air  conditionings  a 
suitable  solution  may  be: 

A,    More  insulation  C*     Paddle  fans 

Shade  trees  on  south  side  D*    Any  or  all  of  the  above 
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HOME  ENERGY  EFFICIENCY  SYSTEMS 

While  energy  alternatives  are  being  researched »  new  more  than  ever,  we 
need  to  be  energy  conscious,-'    Energy  conservation  begins  at  home  and  includes 
the  analysis  of  energy  efficient  systems.    This  instructional  module  will  pro- 
vide you  with  information  pertaining  to  energy  conservation  by  analyzing  energy 
efficient  systems. 

TERMINAL  PERFORMANCE  OBJECTIVE 

Upon  completion  of  this  modulej  you  will  be  able  to  identify,  define,  and 
analyze  existing  energy  efficient  systems  and  design  an  energy  efficient  home. 

INSTRUCTIONAL  PACKAGES  KNOW  NEED 

IP^l,         Terminology:    Energy  Efficiency     

IP^2,         Factors  of  Ceiling  and  Attic  Efficiency     

IP-3,         Hot  Water  Systems  and  Plumbing     

IP-4.  Space  Heating  and  Cooling  as  Alternative 

Energy  Systems   
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 .   PRE^CHECK 

HOME  ENERGY  EFFICIENCY  SYSTEMS 

Directions:        Answer  the  following  questions  true  or  false.     Check  your  answers 
with  the  ?re-Check  Key,     If  you  successfully  answer  the  questions 
for  each  instructional  package,  you  may  choose  to  go  to  the  next 
package  with  the  instructor's  supervision, 

IP-1 ,         Terminology:    Energy  Efficiency 

 1,      The  Organization  of  Petroleum  Exporting  Countries  is  an  organization 

that  aims  at  developing  common  oil-marketing  policies, 

 2*       In  a  factory,  steam  needed  for  industrial  processes  or  space  heating 

is  first  run  through  turbines  to  generate  electricity. 

 3,      Efficiency  is  the  ratio  of  useful  work  to  energy  input, 

 U,      A  year's  supply  of  energy  for  10  million  automobiles  is  equal  to  a 

quad  of  energy, 

 5,      Although  a  direct  solar  system,  passive  solar  design  is  operated  by  a 

commitment  to  operate  manual  controls. 


IP-2,  Factors  of  Ceiling  and  Attic  Efficiency 

 1,  All  insulation  has  vapor  barriers, 

 2>  10  inches  of  attic  insulation  has  an  R-value  of  30, 

 3,  As  the  rest  of  the  attic,  attic  doors  should  be  insulated, 

 4,  The  effectiveness  of  insulation  is  measured  by  R-values, 

 ^5,  Batts  refer  to  insulation  blankets, 

IP-3,  Hot  Water  Systems  and  Plumbing 

 1,      Collector  location  and  pre-heat  tank  location  are  included  in  the 

physical  requirements  of  the  hot  H2O  system, 

 2*      Types  of  materials  are  important  factors  in  considering  plumbing 

fixtures, 

3,      Sewer  lines  and  vents  can  be  either  plastic  or  cast  iron. 
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PRE-CHECK  (Continued) 
HOME  ENERGY  EFFICIENCY  SYSTEMS 

 4,      Approximately  20%  of  your  total  fuel  bill        accounted  for  in  heat- 
ing water* 

 ^5-      Your  hot  H2O  thermostat  should  be  set  the  saioe  whether  or  not  you  have 

a  dishwater. 

IP-^4.  Space  Heating  and  Cooling  as  Alternative  Energy  Sources 

 1-   "  Space  heating  is  accomplished  by  burning  fuels  in  mechanical  equip-- 

ment. 

 2>      Most  heating  systcmSj  despite  differences  in  design^  use  three  types 

of  energy:     gas,  oil,  and  electricity, 

 ^3,      Heating  consumes  about  68%  of  all  energy  used  in  buildings, 

 4.      Cooling  consumes  less  than  5%  of  energy  used  in  homes. 

 ^5,      The  two  main  types  of  air  conditioners  are  absorption  and  compres-- 

sive  refrigeration. 
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PRE-CHECK  KEY 


HOME  ENERGY  EFFICIENCY  SYSTEMS 


Terminology:    Energy  Efficiency 

1.  T 

2.  T 

3.  T 

4.  T 

5.  T 

Ceiling  and  Attic  Efficiency  Systems 

1.  F 

2.  T 

3.  T 

4.  T 
5-  T 

Hot         and  Plmnbing  Systems 

1.  T 

2.  T 

3.  T 
4-  T 

5.  F  , 

Space  Heating  and  Cooling  as  Alternative  Energy  Sources 

1.  T 

2-  T 

3-  T 

4.  T 

5.  T 
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HOME  ENERGY  EFFICIENCY  SYSTEMS 


IP-I. 


Terminology:    Energy  Efficiency 


OBJECTIVES 

Upon  completion  of  this  instructional  package,  you  will  be  able  Co: 

A.  Define  Cerms  associated  with  energy  efficiency* 

B.  Identify  passive  solar  and  active  solar  design  systems. 

RESOURCES 
Books ; 

The  Solar  Home  Book,  Heating,  Cooling,  and  Designing  with  the  Sun.  Anderson, 
Bruce*    Chehsire  Books:    Harrisville,  NH,  1976,  Chapter  1. 

Energy,  Special  Report.    National  Geographic.    February  I98I- 

Building  an  Energy  Efficient  Home.    North  Carolina  Community  Colleges  Program 
Development,  Department  of  Community  Colleges.     (Course  Outline  and  In- 
structional Materials),  1979. 
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ACTIVITY 

Do  each  one  of  the  activities  listed  below. 

A,  Review  the  resources  that  are  listed. 

B,  In  one  or  two  sentences,  define  these  terms: 

1  *  Efficiency 

2 ,  Pho  t  ovo 1 1  aic  s 

3,  BTU 

4,  Renewable  Energy  Source 

5,  Quad 

6 ,  Cogeneration 

7,  OPEC 

8,  Syn fuels 

C,  Compare  the  answers  in  activity  "B"  with  the  Pre-Check  for  IP-I, 

D,  Define  passive  solar  systems  and  compare  them  to  active  solar  systems. 

E,  Read  chapters  four  and  six  of  The  Solar  Home  Book. 

FEEDBACK 

Answer  guide  to  activities  B  and  D. 
Objective  A  Check: 

1,      Efficiency  -  The  ratio  of  useful  work  or  energy  output  to  total  work  or 
energy  input. 

2-      Fhotovoltaics  -  The  process  by  which  radiant  energy  is  converted  directly 

into  electrical  energy  using  a  solar  cell. 

3,  BTU  (Britisri* Thermal  Unit)  -  The  amount  of  heat  necessary  to  raise  the 

temperature  of  one  pound  of  water  one  degree  Farenheit. 

4,  Renewable  Energy  Source  "  One  that  is  constantly  or  cyclically  replenished, 

including  direct  solar  energy  and  indirect  sourc^^^uch  as 
bio-mass  and  wind  power,  ifP 

5,  Quad      A  quadrillion  BTU's-     The  energy  contained  in  8  billion  gallons  of 

gasoline,  a  yearns  supply  for  10  million  automobil^es . 

6,  Cogeneration  -  The  production  of  two  useful  forms  of  energy  from  the  same 

process.    For  example,  in  a  factory  sream  needed  for  indus- 
trial processes  or  space  heating  is  first  run  through  tur- 
bines to  generate  electricity, 

7,  OPEC      The  Organization  of  Petroleum  Exporting  Companies,  13  nations  that 

aim  at  developing  common  oil^arketing  processes. 
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FEEDBACK  (Continued) 


8*      Synfuels  -  Fuels  synthesized  from  sources  other  than  crude  oil  or  natural 

gas  and  used  in  place  of  them  or  their  derivatives,  primarily 
for  transportation  and  heating  boilers. 


Objective  B  Check: 

D.      A  passive  solar  system  includes  a  solar  heating  or  cooling  system  that 
uses  no  external  mechanical  power  to  move  the  collected  solar  heat*  It 
differs  from  an  active  system  in  that  an  active  system  requires  mechanical 
power  to  move  the  collected  heat. 


330 

359 


HOME  ENERGY  EFFICIENCY  SYSTEMS 

IP-2*  Ceiling  and  Attic  Efficiency  Systems 

OBJECTIVES 

Upon  completion  of  this  instructional  package^  you  will  be  able  to: 
A.      List  the  effects  of  ventilation  in  attics. 

B*      Given  the  U-value  of  the  material  shown  in  the  cross  section  of  a  wall^ 
calculate  the  total  R-Value. 

RESOURCES 
Books : 

The  Solar  Home  Book,  Heating,  Cooling^  and  Designing  With'the  Sun,    Anderson » 
Bruce  and  Michael  Border,     Harrisville,  NH:    Cheshire  Books,  1976, 

Pamphlets: 

doe/ IRQ 60 65^1  Part  I,  Providing  for  Energy  Efficiency  in  Homes  and  Small  Build- 
ings,    DOE,  June  1980,  p.  70. 

Energy  Saving  Is  Having  Insulation,    North  Carolina  Energy  Divison,  DOE,  EPCA, 
PL94-I63, 

AI  Ubell's  Energy  Saving  Guide  for  Homeowners,    Warner  Books^  New  York^  1980, 
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ACTIVITY 


A,  Study  the  resources  listed  concerning  ceilings  and  attic  systems, 

B,  Explain  the  importance  of  vapor  barriers, 

C,  Diagram  a  cross  section  of  an  exterior  stud-wall  to  equal  an  R-value  of 
11-12, 

(4)  Insulation 
/ 


(1)  Outside 
Air  Film 

(2)  Wood 
Siding 


(3)  1/2"  Sheathing 


MATERIALS 

U-VALUE 

1 

5.88 

Inside  Air  Film 

2 

1-23 

3 

.75 

GypsiMtiboar/ 

4 

.09 

5 

2.22 

6 

1.47 

FEEDBACK 

Answers  to  activities  "B"  and  "C", 
Objective  A  check: 

1,      Warm  air  ho^  more  moisture  than  cold  air.    When  that  warm^  moisture"laden 
air  hits  th^  cold  surfaces  in  unheated  protions  of  the  attic  and  walls » 
dew  forms,  t But  if  you  can  place  something  to  stop  the  moisture  between  the 
cold  surface  and  the  heated  air.  dew  will  not  form.     Insulation  wilL  not 
do  that  job  by  itself.    Most  insulation  materials  collect  the  moisture. 
So  you  need  to  install  a  vapor  barrier  between  the  warm  portions  of  the 
house  and  the  insulation. 

Objective  B  Check: 

1.      Compute  the  total  R-value  for  the  following  wall  section: 
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MATERIALS  SI2E  R-VALUES 

■  r  I 


^•Refer  tofthart  on  Page  98  of  The  Solar  Home  Book  to  get  R-Values 
and  to  Resource  Pamphlet  DOE  IR06065-1  Part  11.  pages  49-66. 
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HOME  ENERGY  EFFICIENCY  SYSTEMS 

IP-3,         Hot  Water  Systems  and  Plumbing 
OBJECTIVES 

Upon  completion  of  this  instructional  package,  you  will  be  able  to: 
A-      Evaluate  existing  home  systems  that  are  energy  efficient- 
B.      Identify  a  good  home  conservation  system  design. 
C-      Review  activity  answers  with  the  IP-3  Pre-Check, 

RESOURCES 
Books : 

The  Solar  Home  Book,  Heating,  Cooling,  and  Designing  With  the  Sun.     Anderson , 
Bruce  and  Michael  Border*    Harrxsville,  HH:    Cheshire  Books,  1976,  p,  208 

Pamphlets: 

Building  an  Energy  Efficient  Home.    Dilday  and  Dixon.    Course  Outline  and  In- 
structional Materials.    June  1979,  DOE  PL-94-163,  PL-94-385 ,  EPCA. 

Energy:    Saving  is  Having,  Hot  Water  Systems.    North  Carolina  Energy  Division, 
DOE,  Energy  Policy  and  Conservation  Act,  PL-94-163. 
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ACTIVITY 


A.  Review  resources, 

B.  Determine  how  effective  thermostatically  controlled  hot  water  heaters  are. 

C.  Defend  the  necessity  of  insulating  water  heaters  for  efficiency. 

D.  Determine  the  approximate  percentage  of  heating  hot  wat^r  oxi  a  total  energy 
bill.  - 

E.  Investigate  household  needs  of  setting  the  thermostat. 

F.  Review  washerless  water  tap  valves  and  miake  a  value  judgment-  as  to  their 
^         worth  in  energy  conservation. 

FEEDBACK  ^ 

Answer  to  activity  questions  B  -  F. 
Objective  A-B  Check:        *  ^ 

1.      A  thermostatically  controlled  hot  water  heater  is  a  simple  device  which 
(l)  heats  water  automatically  and  (2)  stores  heated  water^     In  many  hot 
water  systems,  less  than  half  the  energy  consumed  by  the  heater  actually 
results  in  hot  water  at  the  tap.     Some  of  the  energy  is  lost  as  the  heated 
water  tank  slowly  cbols  off,  some  of  the  heat  is  lost  up  the  flue  (in  gas 
heaters)*  and  some  .of  the  heat  is  lost  through  distribution. 

2*      By  wrapping  the  outside  of  your  water  heater  with  insulation*  you  can  cut 
your  heat  losses  by  50%  and  cut  10%  ^  20%  off  water  heating  costs.  It's 
simple  to  do  and  will  keep  the  water  hot  until  it  reaches  the  tap. 

3*      Approximately  20%  of  your  total  fuel  bill  is  for  heating  hot  water. 

4.  A  thermostat  setting  of  120^  is  sufficient  for  most  homes  without  a  dish- 
washer: A  setting  of  140^  is  recommended  if  there  is  a  dishwasher  in  the 
home. 

5.  A  washerless  valve  uses  two  gem-smooth  ceramic  discs  instead  of  washers  and 
seats.     Washerless  faucets  eliminate  water  leakage  which  can  account  for  5 
-  10%  of  residential  water  consumption* 
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HOME  ENERGY  EFFICIENCY  SYSTEMS 
Space  Heacing  and-  Cooling  as  Al cernacive  Energy  Sysc^s 

OBJECTIVES 

Upon  complecion  of  this  inscruct^onal  package^  ydu.will  be  able  to: 

A.  Research  home  space  heating  and  cooling  to  compare  with,  other  energy  effi- 
cient systems > 

B.  Develop  art  energy  efficient  home> 

RESOURCES 
Books: 

Other  Homeg  and  Garbage >     Leckie,  Jim  et  al^.     San  Francisco:     Sierra  Club  Books 
1975,  p-  144-146- 

The  Solar  Age  Resource  Book,  ed*  of  Solar  Age  Magazine.    New  York:  Everest 
House,  1979,  p.  135-:?6,  75-81. 

Pamphlets: 

Building  an  Energy  Efficient  Home.    Course  Outline  and  Instructional  Materials, 
North  Carolina  Department  of  Community  Colleges^  Program  Development,  1979 

DOE/lR/06065-1  Part  I,  Providing  for  Energy  Efficiency  in  Homes  and  Small  Build 
ings.    DOE,  June  198D.  * 
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ACTIVITY 


rAs      Study  Part        "Providing  for  Energy  Efficiency  in  Homes  and  Small  Build- 
ings." ' 

B.  Read  resources  for  IP-4 . 

C.  Review  all  instructional  packages  and  rei=ources. 

D.  List  criteria  for  developing  an  energy  efficient  home  system. 


FEEDBACK  '  , 

Objective  A-B  Check: 

1,       It  is  essential  to  consider  thfe  following  factors  for  an  energy  efficient 


home  system: 

1: 

Heat 

2- 

Insulation 

3./ 

Windows  and  Doors 

4. 

Water  Heating  and  Usage 

5. 

Ventilation  and  Air 

6. 

Lighting 

7.  . 

.   Types  of  Insulation 

8. 

Vapor  Barriers 

9. 

Weathers tripping 

10. 

Caulking 

11 . 

Landscaping 

12. 

Roofing  and  Siding 

:  POST-CHECK 
ROME  ENERGY  EFFICIENCY  SYSTEMS 


Directions:        Provide  the  appropriate  response  to  each  test  item  that  correctly 
answers /completes  the  s  tatement . 


The  production  of  two  useful  forms  of  energy  from  the  same  process  is; 

A-    Renewable  energy  source  C*  Cogeneration 

B-  Synfuels 


About  a  quarter  of  a  calorie  equals: 
A.     A  quad  B. 


A  BTU 


Active  solar  systems  use  no  external  mechanical  power  to  move  col- 
lected solar  heat. 

True  iFalse 

The  total  U-value  of  a  ceiling  is:  .  * 

A-     The  R-value' of  insulation  plus  siding  thickness 
B*     Printed  on ^11  materials  that  comprise'  a  ceiling 
C*     Equal  to  the  reciprocal  total  R-values  of  all  the  materials  used 
in  the  ceiling  structure* 


Ventilation  is  essentially: 

A-    The  controlled  intake  of  fresh  air 
B-  Circulation 
C-  Exhaust 

Name  the  basic  types  of  ventilation. 


D-  All  of  the  above 
E-    .A  and  B  only 


By  wrapping  the  outside  of  your  water  heater^  you  can  cut  heat  losses 
by: 

A.  25%.  B.    75%^  *  C.    50%  '  ' 

* 

Thermostatically  controlled  hot  water  heaters: 

A*     Heat  water  automatically  C*     Both  A  and  B 

B,  Store  heated  water 


POST-CHECK  (Continued) 
HOME  ENERGY  EFFICIENCY  SYSTEMS  .  * 

Your  total  fuel  bill  for  hot  water  is  approximately: 
A.     15%  B.     35%'    ?         C.     20%  ' 

Solar  collector  location  and  pre-heat  tank  location  are  included  in 
the  physical  requireinents  of  the  hot  water  system. 

True  False 

If  you  have  a  dishwasher,  it  is  more  energy  efficient  to  keep  your 
thermostat  setting  the  same  as  if  you  did  not  have  a  dishwasher, 

Trae  '  False 

Of  all  energy  used  in  honies,  heat  consumes  about: 

A,     50%  ,  B,     35%  C,     75%      ,        D,  68% 

The  two  main  types  of  air  conditioners  are  absorption  and  compressive 
refrigeration. 

True  False 

Name  the  three  types  of  energy  used  in  most  home  space  heating  sys-  - 
terns, 

.  *  .  ' 

List  five  (5)  influencing  factors  to  consider  in  energy  efficiency 
home  construction,  ■  ^ 


368  - 


MODULE  FIFTEEN 
ENERGY  EFFICIENT  MATERIALS  PART  I: 
INSULATION^  VAPOR  BAE3.IERS^  CAULKING  AND  WEATEERSTRIPPING 


Prepared 
by 

Raymond  J.  Bowen 
Industrial  Education  and  Technology 
Berry  College^  Mt.  Berry>  GA 


USDOE  Sponsored  Faculty  Development  Workshop  on  Energy 
Conservation  for  lAE  at  North  Carolina  State  University 
June  1981-R.E*  Wenlg^  DlrectoT. 
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ENERGY  EFFICIENT  MATERIALS,  PART  I. 
INSUXATIOK,  VAPOR  BARRIER,  CAULKING  AND  WEATHERSTRIPPIKG 


The  home  owner  who  has  a  sufficient  quantity  of  properly  installed  insula- 
tion realizes  two  major  benefits;    greater  comfort  and  less  energy  consum 
Insulation  is  Important  because  it  conserves  our  natioh*s  natural  resources  and 
lowers  heating  and  cooling  costs*    As  energy  resources  continue  to  diminish,  . 
its  costs  will  increase  and  the  savings  realized  will  accumulate. 


TERMINAL  PERFORMANCE  OBJECTIVE 

♦ 

Those  who  study  this  module  will  be  able  to: 

A.      Identify  the  various  types  of  insulation,  vapor  barriers,  weather stripping 
and  caulking* 

B*      List  factors  to  be  considered  in  the  selection  amd  placement  of  weatherlza 
tioh  materials.  .  ^' 

INSTRUCTIONAL  PACKAGES  KNOW  mW 

IP-1 .        Types  of  Insulation,  vapor  barriers,  

weather stripping  and  caulking  to  use  \ 

IP*2.   '  ^How  much  insulation  to  use  ^  _^    

IP-3.        How  much  vapor  barrier,  weatherstrlpplng     ^ 

and  caulking  to  use 

IP-4.       From  a  set  of  house  plans  tell  where  to 

place  veatherizartion  materials  as  shovn  in 
IP^l,  IP-2  and  IP*3* 
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.^PRE-CHECK 
ENERGY  EFFICIEKT  MATERIALS,  PART  I- 
INSULATION,  VAPOR  BARRIER,  CAULKING-  AND  WEATHERSTRIppING 


DIRECTIONS:  ^Place  a  T  for  all  true  statements  and  a  F  for  all  false  statements. 
If  you  miss  any  qu€tstlon  In  the  various  IPs,    please  complete 
that  Instructional  Eackage. 


IP*1. 


Types 'of  Insulation^  vapor  barriers,  weatherstrlpplng  and  caulking  to 
use 


IP-2. 


1.  Fiberglass  Is  fire  resistant - 

2.  A  contractor  Is  not  required  to  Install  Insulation, 
3^.  ^lown  Insulation  Is  Installed  under  pressure, 

4.  Loose  ,f 111  comes  In  bags. 

5,  Fiberglass  Is  not  the  most  connnon  of  all  Insulators. 
6*    Boards  are  pre-cut  to  standar-d.  size. 

How  much  Insulation  to  use 

    1,    "R*'  value  measures  resistance  to  penetration* 

'        2,    Vapor  barriers  are  applied  to  the  warm  side  of  the  Insulation- 

  3,    To  determine  the  area  of  your  floor  to  be  Insulated-- you  would  multi- 
ply the  length  times  the  width, 

^       4,    Length  times  height  plus  3*  =  area  Is  the  formula  to  use  when 
figuring  Insulation  for  the  crawl  space, 

IP^3,       How  mfuch  vapor  barrier,  weatherstrlpplng  and  caulking  to  use 
.  1.    Weatherstrlpplng  is  placed  around  foundations  and  cornices, 
  2.    Caulking  Is  used  to  smooth  joints  between  bricks, 

^  3,    Caulking  comes  In  tubes.  *  ^  ^ 
  4.    Urea-formaldehyde  foam  Is  pumped  Into  wall  cavities. 
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IP-^  +       .From  a  aet  of  house  plans  tell  where  to  place  weatherizatlon  materials 
as  shown  in  IP-1>  IP-2  and  IP-3 

  1+    There  are  tJiree  types  of  vapor  .barriers* 

2+    Rock  or  mineral  fiber  is  much  like  fiberglass* 

ft  ' 
3+    Blankets  come  in  rolls  + 

  4+    Boards  are  pre-cut  to  statidard  size  + 


PRE-CHECK  KEY 


EKERGY  EFEICIENT  MATERIALS 


INSULATION,  VAPOR  BARRIER,  CAULKING  AND  l^EATHERSTRIPPING 

Types  of  Insulation^  Vapor  Barriers^  Weathers tripping  and  Caulking 
to  Use 


2.  True 

3 .  True 

4.  True 

5.  False 

6.  Tttie 


Hov  Kuch  Insulation  to  Use 

1..  True 

2.  True 

3.  True 
U .  True 


Hov  Kuch  Vapor  Barrier^  Weatherstripplng  and  Caulking  to  Use 

1.  False 

2*  False 

3.  True 

4.  True  ,  ^ 


From  a  Set  of  Hgnie  Plans  Tell  Where  to  Place  Weatfaerlzatlon  Materials 
as  Shown  In  IP*1^  IP-2  and  IP-3        ^     -   -  ; 


1. 


True 


1. 
2. 
3. 
4. 


True 
True 
True 
True 
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ENHiGY  EFFICIENT,  MATERIALS  PART  I: 
INSULATION,  VAPOR  BARRIER,  CAJJLKING  AND  WEATHERSTRIPPING  • 

IP-1 .       Types  of  Insulation^  Vapor  Barriers,  Weatherstrlpplng  and  CauHtlna' 
to  Use         V  > 

OBJBCTr/E  -  .       .    -       -  ■ 

Upon  canpletlon  of  this  Instructional  package,  you  will  be  able  to: 

A*      Identify  different  types  of  Insulation^  vapor  barriers,  weathers tripping 
and  caulking*  "  . 

B*      Figure  the  I'R*'  value  of  Insulation  materials* 
HESOUKCES 

To  help  you  reach  your  objective,  use  the  following  resources! 
Books:  ,  > 

In  the  Bank  *  *  *'  or  Up  the  Chlmnes^  by  H*U*D*,  ^DOE/IR/ 06065-1-3  * 

"Providing  for  Energy  Efficiency  In  Homes  and  Small  Buildings^  Part  III  by  U*S 
Dept*  of  Energy,  June  1980* 

Modern  Carpentry  by  Wagner,  Goodheart-Wilcox* 
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ACTIVITY 

I>o  each  of  the  activities  listed  below: 

A,  Compare  the  Insulation  qualities  of  the  insulation  materials  as  listed  on 
page  26,  Providing  for  Energy  Efficiency  in  Homes  and  Small  Buildines- 

"    Part  III  by  DOE, 

B,  Figure  the  ^'R**  vaJjue^s^owing  the  above  Insulation  materials, 

C,  Make  a  drawing  showing  the^'R^l^alue  of  a  wall  section  without  insulation, 

D,  Make  a  drawing  showing  the  '*R'*  value  of-^a^wall  section  with  insulation, 

E,  List  the  three  differ^t  types  of  vapor  barriers, 

F,  List  SOTen  advantages  of  the  different  ^pes  of  yea ther s tr ipping  as  listed 
on  page  37,  Providing  for  Energy  Efficiency  in  Home  and  Small  Buildings^ 
Part  III  by  DOE, 

G,  List  3lx  problems  and  solutions  when  using  different  types  of  caulking. 


FEEDBACK 

Objective  a  Checkt 

!•    Give  the  ''R*'  value  of .  the  materials  liste?!  below: 

Materials  R-Value  Per  Inch 

Fiberglass 
Roc  k  Vool 

 Cellules  a  Flbex„   • 


Styrofoam 
Urea-Formaldehyde 
Polyur ethane 


2,  Show  your  drawing  to  your  instructor, 

3,  List  three  types  of  vapor  barriers, 

1,  2,  ^  3, 


List  seven  advantages  of  the  different  types  of  weatherstripping . 

1,  :  2,  3,  ' 


4,  -  5,  ^_  6, 

7,   ^  ; 

5,    List  slJc  probleas  when  using  different  types  of  caulking. 
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ENERGY  EFFICIENT  .MATERIALS  PART  I: 
INSULATION,  VAPOR  BABRIER,  CAULr  :G  AND  WEATHERSTRIPPING 

OBJECTIVES         .  : 

^  *  M  " 

Upon  cOTipletlon  of  this  instructional  package^  you  will  be  able  to; 
A.      Determine  how  much  Insulation  to  use  In  the  critical  areas  of  a  house+ 

RESOURCES 

To  help  you  reach  your  objective^  use  the  following  resources! 
Books;  ^ 

Framing  Sheathing  and  Insulation  by  Delmar  Publishers^  Inc+  ODE/ IR/ 06065*1-2+ 

Providing  for  Energy  Efficiency  in  Homes  and  Small  Buildings-Fart  III  by  U.S* 
Dept+  of  Energy^  June  1980  + 

Modern  Carpentry  by  Wagner,  Goodheart-Wilcox+ 
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ACTIVITY 


Do  each  of  the  activities  below  by  referring  to  your  set  of  house  plans, 

A,  Accurately  determine  your  attic  area.    If  necessary,  divide  it  Into 
rectangles  and  sum  the  areas, 

B,  Hou  is  blown  insulation  placed  in  the  waJls? 

C,  Determine  the  amount  of  Insulation  required  to  insulate  your  crawl  space 
walls  using  the  formula  as  shown  on  page  54  of  the  text, 

.D,      Determine  the  area  of  your  floor  to  be  insulated  by  measuring  the  length 
and  width  and  multiplying  to  get  the  area. 


FEEDBACK 

Objective  A  Check: 

1,^  You  would  determine  your  attic  area  by  multiplying  the  length  times  width. 


2,    Blown  insulation  is  placed"\J^  the  walls  by  boring  a  hole  at  the  top  of  the 
wall. 


3,    The  amount  of  Insulation  is  determined  by  the  following  formula:  (Length) 
X  (height  +  3')  =  area 


4"*    Shov  your  caicuiatltSns  to  your  instructor. 
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ENERGY  EFFICIENT  MATERIALS  PART  Is 
INSULATION,  VAPOR  BARRIER,  CAULKING  AND  WEATHERSTRIPPINC 

IP-3 .       How  much  Vapor  Barrier,  Weathers tripping  and  Caulking  to  Use 
OBJECTIVES 

Upon  coDLpletlon  of  this  Inatructlonal  packaj^e,  you  vlll  be  able  to; 

A.  Identify  different  types  of  vapor  barriers,  veathers tripping  and  caulking 
to  use. 

B.  Determine  how  much  weather Izatlon  material  to  use. 
RESOURCES 

To  help  you  reach  your  objective,  use  the  following  resources; 
Books: 

Same  as  IP-1 . 
Brochure; 

Anyone  Can  Do  It:    Total  Home  Weatherproofer's  Guide  by  Hacklanburg,  Duncan  Co 
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ACTIVITY 

Do  each  of  the  activities  listed  below: 

A.  Sketch  a  typical  vail  section  in  isometric  showing  where  the  vapor  barrier 
should  be  placed . 

B.  Keview  the  information  on  r^esource  brochure^  Anyone  can  do  It;    Total  Home 
Weatherproof er*s  Guide.  ; 

C.  'Make  a  list  of  where  a  house  needs  to  be  laulked. 

D.  Make  a  list  of  tools  that  you  would  need  when  caulking  your  house. 

E.  List  the  safety^  factors  you  should  know  when  caulking  your  house. 

F.  Make  a  rough  estimate  of  the 'cartridges  of  caulking  compound  required. 

G.  Make  a  list  of  the  amount  of rweatherstripplng  that  you  would  need  for  each 
window  and  door  in  your  house. 

FEEDBACK 

Objective  A  Check: 

1.      Take  a  practical  and  paper  pencil  testover  the  resource  brochure  on 

Weatherproof ing  -  Percent  of  infiltration.  Problem  points,  vrha.t  to  do, 
work  needed  and  solution. 

Objective  B  Check: 

1.  Show  your  sketch  to  your  instructor* 

2.  Show  your  list  to  your  instructor. 

3.  Show  your  list. to  your"  instructor* 

4.  Show  your  list  to  your  instructor. 

5..  Show  your  estimate  to  your  instructor. 

6.  Show  your  list  to  your  instructor* 
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^  ENERGY  EFFICIENT  MATERIALS  PART  I: 

i 

INSULATION^:  VAPOR  BARRIER,  CAULKING  AND  WEATHERSTRIPPING  * 

IP^4.        From  Your  Set  of  House  Plans,  Place  Nunbers  Where  You  Would  Place 
Weatherlzatlon  Materials  as  Shovn  li:  the  First  Tt:ree  Instructional 
Packages 

OBJECTIVES 

Upon  completloQ  of  tbls  instructional  package,  you  will  be  able  to; 
A.      Install  correctly  all  weatherlratlon  material  In  your  house. 

RESOURCES 

To  help  you  reach  your  objective^  use  the  following  resources: 
Books: 

Architecture,  Drafting  and  Design  by  Hepler. 
Framlttj^.  Sheathln;;  and  Insulation  by  Jones. 
In  the  Bank  or  Up  . the  Chimney  by  B.U.D. 

Providing  for  Energy  Efficiency  In  Homes  and  Small  Bulldlngs-Part  III  by, U.S. 
Dept.  of  Energy,  June  1980.    DOE/lR/06065-1 . 
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ACTIVITY 

A,  '     Study  your  house  plans  and  make  a  list  of  each  kind  of  window* 

B,  Xlst  the  kind  of  weatherization  material  that  yoii  would  use  on  each 
window. 

C,  >!ake  a  list  of  the  doors  and  tell  what  kind  of  weatherization  material 
you  would  use, 

D,  Make  a  list  of  the  most  critical  places  to  caulk, 

E,  From  your  plans  determine  how  and  wheire^  you  would  insulate  your  attic, 

F,  What  thickness  of  insulation  would  you  have  put  in  your  exterior  walls? 

G,  Where  would  you  insulate  your  crawl  space  or  basement? 


FEEDBACK. 

Objective  A  Check:  ^ 
1,  Show  your  list  to  your  instructor- 
Show  your  list  to  your  instructor- 
Show  your  list  to  your  instructor- 
Show  your  list  to  your  instructor^ 
Have  your  instructor  check  your  calculations. 
You*  would  put  3V  fiberglass  in  your  walls. 


2, 
3, 
4- 
5- 
6, 
7- 


You  would  insulate  your  crawl  space  from  the  tops  of  the  header  down  and 
two  feet  out  on  to  the  crawl  space. 
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POST-CHECK 
ENERGY  EFFICIENT  MATERIALS  PART  I, 
INSULATION,  VAPOR  BARRIER,  CHAULiONG  AND  IJEATHERSTRIPPING 


1,    Match  tenas  to  definitions;  * 

a,  BTU 

b,  BTU/HR 

Heat  flow  by  conduction 

d.  Heat  flow  by  Infiltration 

e.  Heat  flow  by  radiation 


1,  Rate  of  heat  flow 

2,  Heat  flow  by  solar  energy 

3,  Unit  of  heat 

4,  Heat  flow  through  solids 

5,  Heat  loss  through  air  exchange 


2,    totch  terms  to  definitions; 

a.  Thermal  conductivity  (K  value) 

-    b.  Thermal  conductance  (C  value) 

c.  Coefficient  of  heat  transfer  (U  value)^ 

d.  Thermal  resistaiice  (R  value)  ' 


1,  Heat  transferred 
through  a  material 
1  sq,  ftt^y  any 

^  thiclmess 

2,  Heat  transferred 
through  a  material 
1  sq,  ft,,  1  ft, 
thick* 

3,  Resistance  to  heat 
flow 

4,  Heat  transferred 
\  through  a  wall 

sectibn 


The  formula  for  heat  flow  by  conduction  (Q  C)  through  a  composite  wall  is,: 

a,  1/R+  (tz  -  tl)  ^ 

b,  Rl    +  R2 


4,    The  purpose  of  insulation  Is  to: 

a,  increase  heat  transfer 

b,  reduce  heat  transfer 

c,  Improve  appearance  , 


V 


5,    Energy  moves  from; 


a,  a  high  to  a  low  temperature 

b,  top  to  bottom' 

c,  a  low  to-,  a  high .  temperature 
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POST-CHECK 


(Continued) 


Insulation  quality  Is  usually  based  on  the  amount  of: 


a.  glass 

b.  vapor  barrier 

c.  .air  space  within  the  Insulation 


"R*'  value  Is: 


a.  the  resistance  to  air  flow 

b.  the  rate  of  heat  transfer 

c.  the  resistance  to  energy  flow 


8.    Types  of  Insulation  are  as  follows: 


a.  Fiberglass 

b.  Roclc  wool 

c.  Cellulose 

d .  Polyurethane 

e.  All  of  the  above 


9.    Characteristics  of  Insulation  to  look  for  are! 


a.  Fire  resistance 

b.  R-value 

c .  Foam 

d.  All  of  the  above 


10/    Fiberglass  ccmes  In: 

a.  Rolls 

b.  Batts 

c.  Both 


11.    Forms  of  Insulation  are: 


a .  Blankets 

b.  Batts 

c.  Loose-fill 

d.  .Masoriry 

e.  All  of  the  above 


J 


12.    The  R  value  of  Insulation  sheathing,  per  inch  thickness  is; 


a. 
b. 
c . 


10 
6  ^ 
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POST-CHECK 
(Continued) 


13.    Cellulose  fiber: 


a*    is  fire  resistant 

b.  must  be  treated  for  f.ire  resistance 

c.  comes  in  batts 


14.    Three  types  of  vapor  barriers  are: 


a.  Polyethylene  film 

b .  Aluminum  foil 

c .  Paints  * 

d .  All  of  the  above 


15.    Polyefthylene  film  is  available  in  thicknesses  of: 

a .  2-6  mils 

b.  3%  to  4  inches 


16.    Paints  are  used  as  a  vapor  barrier: 


a.  in  old  buildings 

b.  ,  in  hallways 

c.  In  new  construction 


17.    Three  advantages  of  caulking  and  weather stripping  are  to: 


a.  increase  the  U  value  of  walls 

b.  reduce  the  air  exchange 

c.  reduce  energy  use 

d.  all  of  the  above 


18.    Weather  stripping  is  used  oni 


a. 

doors  and  windows  that  open  and  close 

f 

h. 

cracks  around  window  frames 

c. 

Soffit  vents  ' 

19.,  All 

caulking  is  the  same: 

$  ■' 

a. 

True 

4. 

1  ^ 

b. 

False 

r 

ERIC 
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'  POST-CHECK 
(Continued) 


20.    Weather stripping  and  caulking  should  be  done: 

a.  as  a  last  resort 

b,  frequently 


)  ■  ■  • 

^  ■  ■ 


/ 


J 


\ 


MODULE  SIXraEN 
ENERGy^-EEEJCIENT  MATERIALS  PART  II: 
'DOORS,  WINDOWS^  STORM^  DOORS  AND  WI^fDOWS^  FLOORS 
CEILINGS,  ATTICS  AND  LIGHTING 


Prepared 

by  ^ 

Cairl  E.  Moore 
Northern^  Michigan  University 
Departiment  of  Industry  and  Technology 
*  Marquette,  Michigan^ 


TJSDOE  Sponsored  Faculty,  Development  Wbrkshop  on  Energy 
Conservation,  for  :IAE  at  ^[orttlyCarolina  State  University 
'  June  1981-R,E»  ^enlg.  Director 
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ENERGY  EFFICIENT  MATERIALS  PAJRT  II 


DOORS,  WINDOWS,  STORM  DOORS  AND  WINDOWS,  FLOORS 
CEILINGS,  ATTICS  ANB"LIGHTING 

^The  module  and  related  instructional  packages  were  written  with  the 
express  purpose  of  making  an  individual  more  aware  of  energy  efficient 
ntaterials.    An  individual  who  liorks  through  the  instructional  packages  should 
be  able  to  select  components  to  improve  the  energy  efficiency  of  existing 
facilities/ 


TERMINAL  PERFORMANCE  OBJECTIVE  ,  '     ^  ^ 

.   After  completion  of  this  module  the  individual  should  be  ab^e  to  identify 
the  elements  that  constitute  energy  efficient  materials  in  doors >  windows* 
^  storm  doors  and  windovs>  floors>  ceiling^>  attics  and  lightings 

INSTRUCTIONAL  PACKAGES  .  ^      KNOW  '      NEED     ^  ^ 

IP-1.         Energy  Efficiency  of  Materials  Ueed  ln  Doore       !^    , 

IP-2.  Energy  Efficiency  of  Materials  Used  in  Various 

Windows  ,   ■    - 

IP-3.         Energy  Efficient  Materials  for  Storm  Doors 

and  Windows     ' 


IP-4.  Energy  Efficient  Materials  for  Floors 

IP-5.         Energy  Efficient  Materials  for  Ceilings 
and  Attics 

IP"6.       '  Energy  ISflclent  Materials  Used  In  Lighting 


PRE-CHECK 


DOORS,  WINDOWS,  STORM  DOORS  AND  WINDOWS,  FLOORS 
CEILINGS,  ATTICS  AND  LIGHTING 


Achievement  of  the  terminal  perfomtance  objective  may  be  accomplished  by  one 
of  the  following  methods: 

a)  Taking  the  pre-test  for  each  of  the  six  instructional  packages  with  a  100% 
score.  This  would  indicate  that  you  already  possess  the  skills  and  knowl- 
edge contained  in  this  module^ 

b)  Finishing  ea'ch  of  the  instructional  packages  and  inaking  a  satisfactory 
score  on  each  activity.    ;  ^ 

c)  Completing  the  post-test  or  check  after  completion  of  the  six  instruc- 
 tijmaJLpa£kag.^&-  


DIRECTIONS:    Answer  the  questions  for  each  of  the  six  pre-tests  of  the 

instructional  packages  by  circling  T  for  all  statements  that  are 
true  and  F  for  statements  that  are  false*    Have  yotar  answer  sheet 

'  checked  by  ^our  instructor- 


IP^l,         Energy  Efflclencyof  Materials  Used  in  Doors 

T  1-  The  solid  wooden  door  has  a  higher  "R"  value:  than  the  steei  clad 


T  F 
T  F 

T  F 


foam  center  door. 


2-  The  hollow-core  door  is  not  the  best  exterior  door, 

3-  The  "R"  value  of  a  steel  clad  foam  center  door  2"  thick  is  5,1, 

4-  The  "R*^  value  of  a  1*'  solid,  wooden  door  is  approximately  10,94, 


IP-2, 


Energy  Efficiency  of  Materials  Used  in  Various  Windows 

If  ^ou  complete  the  questions  below  with  a  100%  score  then  go  to 
lP-3=pre-test- 


1-  The  relationship  of  an  *'U"  value  to  a  "R"  valiie  is: 

c)  R  =  1  X  U 


a)  U  ^  1 
R 


)  1  =  R 
U 


d)  il=  R 
I 


2-  A  single  strength  sheet  of  glass  Is 
a)  H         b)  I/S         c)  3/32         d)  5/32 


inch  thick* 


3*  The  "R"  value  of  a  double  glazed  window  is  greater  than  that  of  a 
single- glazed  window, 

a)  True 

b)  False  , 
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PRE-CHECK 


(Continued) 


4.  A  triple  glazed  window  has  an  "R"  Value  three  times  as  large  as  the 
single  glazed  window. 

a)  True 

b)  False 


IP- 3.         EnerRY  Efficient  Materials  for  Storm  Doors  and  Windows 

  1.  Which  of  the  following- combinations  has  the  best  "R*'  factor; 

a)  V  thick  single  glazed  glass 

b)  double  strength  double  glazed  (J^"  air  space) 

c)  dot&le  strength  triple  glazed         air  space) 


2— Whi-cb-Hji—ther-Gwo-coBi^ 

a)  double  glass;  separafCed  by  V  air  space 

b)  double  glass;  separated  by  V'  space 


3.  Wooden  storm  doors  are  more  effective  in  reducing  heat  loss  than 
metal  doors. 

a)  True 

b)  False  ^  ^ 

4.  The  Solar  Transmission  "IT*  value  for  various  thicknesses  of  glass 
 ax^ej  fMat.ch  .^lU'l  value -With  glass  thickness)  

a)  k"  a)  0.84  ^  , 

b)  1/8*'  b)  0.78 

c)  V  c)  0.72 

d)  3/8'*  d)  0.67 


IP^4.  Energy  Efficient  Materials  for  Floors 

  1.  Insulation  should  be  installed  in  floors: 

a)  exposed  to  unheated  areas  only 

b)  wherever  they  are  found 

c)  only  if  they  are  made  of  hardwood 

  2.  FlAible  insulation  with  vapor  barrier  backing  has: 

a)  the  vapor  barrier  installed  toward  the  ground 

b)  the  vapor  barrier  installed  next  to  the  heated  side 

  3.  What  types  of  insulation  are  generally  used  in  floors? 

a)  flexible    b)  rigid    c)  reflective    d)  all  of  the  above 


-4v-ieose-fi3r3^in%ulation  is  not  generally  used  ln.j£lo.oxs.-_ 

a)  True 

b)  False 


412 


CHECK 


(Continued) 


5,  Rigid  insulation  may  be  placed  around  the  perimeter  of  a  slab,  floor, 

a)  True    -  .  . 

b)  False 


Enerj^y  Efficient  Materials  for  Ceilings  and  Attics 

1.  Blanket  insulation  with  a  paper  or  .apor  barrier  (nbn--foil)  backing 
may  be  stapled; 

to  the  outside  of  the  joist      b)  to  the  inside  edge  of  the  joist 
either  way 


2,  Recess.ed  light  fixtures  must  not  be  covered  with  insulation 


True 
False 

When  using  loose^fill  insulation,  vapor  barriers  are  not  required 

True 

False 

Rigid  insulation  (sheets)  is  used: 

where  the  roof  and  ceiling  are  one  such  as  . cathedral  ceilings 
between  stories 


A  combination  of  rigid  and  flexible  insulation  may  be  used  in  sloped 
ceilings  framed  with  rafters 
True  ^ 
False 

Vapor  barriers  should; 

have  holes  punched  for  air  circulation 

have  no  holes  or  torn  places 

Blanket  insulation  comes  in  rolls  up  to  3^"  thick  and  16"  or  2A" 

wide 

True 

False 

Batts  insulation  comes  in  sections  up  to  6"  thick  and  16"  to  2A*' 

wide 

True 

False 

Insulation  should  be  placed  in  the  following  ceilings: 


all  ceilxngs 

only  ceilings  exposed  to  unheated  attics  or  directly  covered  by  roofs 
only  ceilings  directly  covered  by  roofs 
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PRE-CHECK 
(Continued) 


  10*  Loose-fill  insulation  may  be  installed  by 

a)  pouring         b)  flowing    "     c)  either 

lP-6*  Energy  Efficient  Materials  Used  In  Lighting 

  1*  Which  Is  the  most  energy  efficient  lighting? 

a)  natural  lighting         b)  electric  lights         c)  gas  lights 

  2*  The  two  types  of  lights  are 

a)  natural         b)  artificial  , 

  3-  Which  of  the  artificial  lights  are  the  most  energy  efficient? 

a)  incandescent         b)  fluorescent         c)  high  intensity 


/ 


i 
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PRE-CHECK  KEY  ^ 

ENERGY  EFFICIENT  MATERIALS  PART  II 

DOORS,  WIHDOWS,  STORM  DOORS  AND  WINDOWS,  FLOORS, 
CEILIMGS,  ATTICS  AMD  LIGHTIMG 


IP-1 .    Energy  Efficiency  of  Materials  Used  in  Doors 


1.  False 

2.  True 

3.  False 

4.  False 


IP-2.    Energy  Efficiency  of  Mg.terials  Used  in  Various  Windows 

1.  B  ■  , 

2.  C 

3.  True 

4.  False 


IP-3.     Energy  Efficient  Materials  for  Storm- Doors  and  Windows 

1.  C 

2.  B 

3.  A 

4.  a— b,  b— a,  c— d,  d— c 


IP-4.    Energy  Efficient  Materials  for  Floors. 

K  A 

2.  B 

3.  A 

4.  A 

5.  A 


IP-5 .    Energy  Efficient  Materials  for  Ceilings  and  Attics 

i:  c 

2.  A 

3.  B 

4.  A 

5.  A 

6.  B 

7.  A 

8.  A 

9.  A 

■  ■      10.  c        ■  '  ■ 
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PRE-CHECK  KEY 
*  (Gontlnued) 
ENERGY  EFFICIENT  MATERIALS  PART  II 

DOORS,  WINDOWS,  STORM  DOORS  AND  WINDOWS «  FLOORS, 
CEILINGS,  ATTICS  AND  LIGHTING^ 


IB-6.    Eneifgy  Efficient  Materials  Used  In  Lighting 
1...  A 

2 ,    natural-artif Icial 
*   3.  B 
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ENERGY  EFFICIENT  MATERIALS  PART  II 


DOORS,  WINDOWS,  STORM  DOORS  AND  WINDOWS,  FLOORS 
'  CEILINGS,  ATTICS  AND  LIGHTING 


IP-1 .       Energy  Efficient  Materials  Used  in  Doors 
OBJECTIVE 

Upon  completion  of  this  Instructional  package,  you  will  be  able  to: 

A.      Name  the  energy  efficient  materials  that  are  used  in  the.  construction  of 
doors. 


'J 

RESOURCES 

Books:  ' 

Concepts  in  Thermal  Coipfort  by  M.  David  Egan,  Englewood  Cliffs,  .N.J.: 
'  Prentice  Hall,  Inc.     1975  p.  63.  ^ 

Modern  Carpentry  (Rev.  ed)  by  Willis  Wagner,  Homcwood,  111:    Goodheart  Wlllcox, 
Inc^    1979  pp  (chapter  on  Doors). 


Pamphlets: 

Providing  for  Energy  Efficiency .  in  Homes  and  Small  Buildings,  Part  III,  by 

..U.S.  Department  of  Energy,  Washington,  D.C.:    OfficeKof.  Consumer  Affairs, 
Education  Division,  1980    pp.  46-48. 

In  the  Bank  or  Up  the  Chimney,  by  U.S.  Government  Printing  Office,  2nd  edition 
Washington,  D.C.*^    Office  of  Policy  Development  and  Research,  Division  of 
Energy,  Building  Technology  and  Standards,  U.S.  Dept.  of  Housing  and  Urban 
Development,  August,  1^77    pp";  8,  38. 

Information  Sheet:     for  IF-  1'  (handout) 


ACTIVITY 

A.        Read  the  references  listed  above  before  attempting  to  do  this  activity. 
Upon  completion  of  the  reading  assignment  fill  In  the  chart  below  for 
the  various  sizes  of  exterior  doors. 

* 

DOOR  TYPES  '       THICKNESS  '*R"  VAIJJES 

-  ,  cm  Inches  '     SI  (US) 


Solid  wooden  door 

-2.5 

1" 

Solid  wooden  door 

3.2 

iJfi" 

Solid  vooden  door 

3.8 

ly' 

Solid  wooden  door  . 

5.1 

2" 

Steel  clad  foam  center 

door 

2.5 

1" 

Steel  clad  foam  center 

•door 

,  3.8 

IV 

Steel  clad  foam  center 

door 

5.1. 

2". 

IP-1    Information  Sheet 


Doors  -  ; 

^  Exterior  doors  are  constructed  of  wood,  metal  or  fiberglass.    Doors  made 
of  wood  and  metal  have  beert  the  two  comnjon_matej:i.als  for  a  number  of  years. 
Fiberglass  is  a  relatively  new  material  and  little  technical  data  Is  available 
on  It  as  to  Its  insulation  qualities.    Doors  affect  the  heat  loss  or  gain  by 
both  condactlon  and  air  Infiltration.    A  door,  when  Installed  properly  vrlth 
weatherstripping  and  insulation  of  frame  area,  has  a  significant  insulating 
factor. 


Solid  Wood  Daors  ,^     ■    ^  * 

Solid  wood  doors  are  made  of  solid  planks  or  frames  with  panel  inserts  as 
a  ^^decoration.    The  insert  is  often  thinner  than  the  frame  and  causes  a  reduc- 
tion in  the  "R"  factor  or  insulation  value  (Figure  1). 

figum:  1 


SollJi  WoocUn  Poor 

-Hollow  Core  Doors  , 

Hollow  core  dobrs*  construction  consist  of  a  basic  frame  and  inserts 
where  the  door  handle  and  hinges  will  be  placed*    The  hollow^ore  door  Is- 
seldom  used  as  an  exterior  door  except  where  the  exit  leads  Into  an  attached 
garage  where  It  would  not  be  exposed  to  the  outside  elements.    The  door  frame, 
is  •usually  faced  on  both  sides  with  l/8"  birch  or  mahogany  veneer  as  .the 
exterior  surface  skin  of  the  door.    Many  hollow-core  doors  have  a  network  of 
CO       ated  cardboard  set  on  edge  as  astiffener  for  the  door*    The  '*R"  values 
of  hollow7Core  doors  are  seldom  listed  since  they  are  not  recommended  for 
exterior  use.  * 


419 


Steel  Clad  Foam  Core  Doors 


These  doors  usually  have  a  wooden  frame  and  wood  Inserts  wherej,  the  hard- 
ware Is  normally  attached  to  th'^  door.    The  remainder  of  the  inside  of  the 
-door  Is  filled  with  urethane  foam.    This  Is  the  best  door  for  high  Insulation 
values.    This  Is  the  exterior  door  most  often  used  by  modem  builders  (Figure 

2) .       ,  •  -  • 


FIGURE  2 


Stee) 


Siee)    ChU  hern  Cc.r^^^^ 


420 


399 


FeIdBACK;    Activity  of  TP-1  i 

Objective  A  Check; 

Door  Types,  Thlckness/R-Values 

'    Type  Door  ^  Thickness 


9  - 

cm 

Inches 

Solids  wooden  door 

2.5 

1" 

Solid  woo len  door 

3.2 

Solid  wooden  door 

3.8 

IV* 

Solid  wooden  door 

5.1 

■  2" 

Steel  clad  foam  center  door 

2.5 

1" 

Steel-clad  foam  center  door 

3.8 

IV* 

Steel  clad  ^am  center*  4oor 

' 

2" 

* 


J 
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•  '  ENERGY  EFFICIENT  MATERIALS  PART  II 


IP- 2.      E^etgy' Efficiency  of  Materials  Used  In  Various  Windows 

OBJECTIVE   '  .  - 

Upon  completion  of  this  Instructional  package,  you  will  ,be  able  to: 
A.     Name  the  energy  efficiency  factors  for  various  windows. 


RESOCRCES  -  . 

 ~       '        •  ,  i  ■ 

Study  the  following  selected  references  before  you  attempt  to  perform  the 
activities  for  IP*^2. 

Books; 

Construction  Materials  and  Processes,  2nd  ed.  by  Don  A.  Watson,  New  York, 
McGraw-Hill  Book  Company,  (Gregg  Div.),  L978    pp.  235-242.  . 

^Concepts  jLp  Thermal  Comfort  by  David  M.  Egan»  Englewood  Cliff s»  N.J.:  Prentice* 
Hali;  Inc.^  1975    p.  63.  ^  ^  v 

V 

a 

The  Solar  Home  Book  by  Bruce  Anderson,  Harrlsvllle,  N.E.:    Cheshire  Books,  19,76 
pp.  278-79. 

ASHRAE^  Hsjidbook  of  Fundamentals  by  American  Society  of  Heating  Refrigerating 
and  Air-Condi tloning  Engineers^  Inc.    New  York^  N.Y.:    American  Society 
of  Heating^  Refrigerating  and  Air-Conditioning  Engineers^  Inc.^  1972. 

Pamphlets: 

Providing  for  Energy  Efficiency  in  Homes  and  Small  Buildings,  Tart  III  T)y  U.S. 
Department  of  Energy*  Washington*  D.C.:    Office  of  Consumer  Affairs* 
Education^Di vision*  1980    pp.  41-46. 

In  the  Bank  or 'Up  the  Chimney  by  U.S.  Covernment  Printing  Office  (2nd  ed.) 
Washington^  D.C.:    Office  of  Policy  Development  and  Research*  Division 
of  Energy^  Building  Technology  and  Standards^  U.S.  Department  of  Housing 
and  Urban  Development^  August  1977  "pp.  8^  36.  *     -  ^ 

Instructional  Sheets:    for  IP-2*t  and  IP-2^2 
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ACTIVITY 


A. 


B. 


Identification  of  Window  Types  (Ufie  instructional  sheet  IP-2,1) 

Use  instruction  sheet  IP-2,2  and  review  the  references  above  for  this 
instructional  package  and  then  fill  in^'the  blanks  on  the  chart  (on 
attached  sheet)  *   >  - 


402 


1  c/i,*- 


INSIRUCTIONAL  SHEET  IP-2,1  Activity  IP-2a 

•  •   IDEHTIFICATIOK  OF  WINDOW  TYPES 

Student  Name  Score 


/55 


DIRECTIONS:    Identify  the  window  types  by  printing  the  natae  under  ea 


KEY  FOR  INSTRUCTIOKAL  SHEET 


""7 


Identification  of  .Windows 

1.  Double  Hung 

2.  Horizontal  Sliding 

3 .  Casement 

4.  Awning  <y 

5.  Architectural  Proj^ted 

6.  Fixed  Glass  with  Wood  Stops 

7.  Louver  or  Jalousie, 
o .  Hopper 

9..  Basement 




1=0.  ^^IvQted^ 

s  ""  K  \.  '  " 

11.    Combination  Projected  and  Hopper 


*5  points  for  each  correct  answer  -  Total  possible  is  55- points. 


ACTIVITY 

Determining  "R**  values  and/ or  "U"  values  of  the  following  window  glass. 


TYPE  OF  GLASS  THICKNESS  "U**  VAIHE 

Clear  1/8" 

Clear  -  V 

Clear  3/8** 

Clear  J^'*  ■  ^ 

Heat  Absorbing     .  1/8"  ^ 

Heat  Absorbing  V* 

Heat  Absorbing  '  3/8"  ^ 

Heat  Absorbing  V* 


4 

*V^j  VALUE  OF  WINDOWS* 

DESCRIPTION  WINTER  SUMMER 

VERTICAL  PANELS 

Single  Pane  Flat  Glass  ^ 

Insulating  Glass-Double 
3?6'*  Air  Space 
y*  Air  Space  - 
y  Air  Space 

Insulating  Glass  Trlple^^^ 
V'  Air  Space 
Jg"  Air  Space 

Storm  Window 

1-4"  Air  Space 


*    ASERAE  "  Fundamentals  Handbook,  1977. 

(1)  ln  units  of  Btu/hr/f t^/ 9F  -  ' 

(2)  Double  and  triple  refers  to  number  of  panes  of  glass* 
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ACTIVITY  IP-2,Z^EEDBACK  KEY 


Objective  A  Cheek: 

DETERMINING  "R"  VALUES  AND/OR  "U"  VALUES  OF  THE  FOLLO^-riNG  WINDOW  GLASS 
TYPE  OF  GLASS        *  THICKNESS  '  "UPVALUE 


Clear 

1V8'' 

<0.84 

Clear 

0.78 

Clear 

3/8" 

0.72 

Clear 

0.67 

Heat  Absorbing 

1/8" 

p.6A 

Heat  Absorbing 

y* 

.0.46 

Heat  Absorbing 

3/8" 

0.33 

Heat  Absorbing 

0.24 

U-VALUE  OF  WIIHWWS 


"U"  VALUES 


DESCRIPTION 
VERTICM.  PANELS  • 

Single  Pane- Flat,,  Glass 

\  ---.^    .  . 

Insulating  Glass-double  ^lass 
3/16"  Air  Space 
V  Air  Space    ■  ^  .  - 

'   V  Air  Space 


WINTER 


1.13 


0.69 
0.65 
0.58 


SUMMER 


1.06 


0.64 
0.61 
0.56 


Insulating. Glass-Triple 
h"  Air  Space 
V  Air  Space 


0.47 
0.36 


0.45 
0.35 


1-4" 


-  0.56 


0.54 


In  units  of^  Btu/hr/f  t*'/ *^ 


(2) 


Double'  and  triple  refers  to  number  .of  panes  of  glass. 


ENERGY  EFFICIENT  MA.TERIALS  PART  II 

lP-3.      Energy  Efficient  Materials  for  Storm  Doors  and  Windows 
OBJECTIVES  - 

Upon  completion  of  this  instructional  package,  you  will  be  able  to: 
A.      Select  storm  windows  and  doors  that  are,  energy  efficient. 

■ ,  >  ■ 

RESOURCES  .  ; ,  "  ^ 

Read  the  ref erences\belov  before  completing  the  activities  for  this 
Instructional  package  (I?-3). 

Pamphlets:        ^  * 

Same  as  IP-2.     (Providing  for  Energy  Efficiency  In  Homes  and  Small  Buildings, 
(Part  III,  pp.  43-44,  47-48) 

Same  as  IP-2.      (In  the  Bank  or  Up  the  Chimney,  pp.  40-43). 

Do  It  with  Windows  by  North  Carolina  Energy  Division,  Raleigh,  N.C.:  N.C. 
Energy  Division. 

Instructional  Sheet:    for  IP-3-Solar  Transfer  of  Single  Glass 


42s 
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ACTTVITY 

A.  Rwiev  the  information  found  on  the  IP-3  Informacion  Sheet  on  Solar  Trans- 
mission of  Single' Glass. 

B.  Complete  work  sheet  (Figure  1)  by  answering  the  questions  requested.  . 


ERIC 
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INSTRUCTION  SHEET  IP-3  ON  SOLAR  TRANSFER  OF  SINGLE  GLASS 


SOLAR  TRANSMISSION  OF  SINGLE  GLASS* 


TYPE  GLASS 

NOMINAL  THICKKE'SS. 

SOLAR 

TRANSMISSION 

Clear 

1/8 

0.84 

Clear 

k 

0.78 

Clear  , 

'      '  3/3 

,  0.72 

Clear 

V 

,  0.67 

Heat  Absorbing 

1/8 

0.64 

Heat  Absorbing 

0.46 

3/8 

n 

U  mJJ 

Heat  Absorbing 

0.24 

SOLAR  TRANSMISSION  OF  INSULATING  GLASS 

Clear'out,  Clear 

In  i/8 

0.71 

Clear  out.  Clear 

In             '  k 

0.61 

Heat  absorbing  out.  Clear  in 


0.36 


*ASHRAE,  Handbook  of  Fundamentals,  1977,  pp.  26-27 


ERIC 
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FEEDBACK; 


Objective  A  Check; 


Student  Name 


Score 


Answer  the  following  questions; 


1*  ^ist  the  tools  and 


Tnaterials  for  installing  polyethylene  plastic  for  a 


storm  window. 


a) 


b) 
c) 


d) 


2.    Single  pane  storm  windows  may  be  made  of  either 


or 


3.    The  best  finish  for  an  aluminum  window  frame  is' 


or 


4*    The  major  disadvantage  of  a  single  piece  storm  window  Is. 


5\    The  homeowner  can  save 


to 


%  of  the  purchase  price  of 


storm  windows. when  he  installs^th^  himself. 
6.    You  can  save  a  few  dollars  (  ^ 


ttf 


)  of  the  purchase  price 


if  you  Install  the  storm  door  yourself.  . 
7.    The  tools  needed  to  install  a  storm  door  are  a) 

b)   _^  c)  ' 


Figure  1    Worksheet ^fficieut  Materials  for  Storm  Doors  and  Windows 
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ACTIvm  IP-3  WORKSHEET  KEY 


1.    a)  6-mll  polyethylene  plastic 

b)  2"  wide  tape  or  hammer  and  tacks 

c)  Shears  or  Scissors 

d)  h^  y,  IV  vood  slats 


2.    plastic  or  glass 


3..  enamel  or  anodlzed 


4»    They  cannot  be  opened  without  reiii,ovlng 


5.  10  to  15% 

6.  10  to  15% 


7.    a)  hammer 

-b).  screwdriver 
c)  drill 

^weathers tripping 
fe)  screws'and  nails 
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ENEPGY  EFFICIENT  MATERIALS- PART  Jll 


IP-4-      Energy  Efficient  Materials  for  Floors 

OBJECTIVES  .  .  ^ 

Upon  completion  of  this  Instructional  package,  you  ylll  be  able  to:  - 
Determine  the  proper  materials  to  construct  an  energy  efficient  floor. 


RESOURCES  ,1 

Read  the  selected  references  below  before  completing  the  activities  for 
this  Instructional  package,  ,  .     ,  .  ' 


Pamphlets:  ^ 

Providing  for  Energy  Efficiency  In  Homes  and  Small  Buildings^  Fart  III  by  U,S, 
Department  of  Energy,  Washington,  D,C,:    Office  of  Consumer  Affairs, 
Education  Division,  1980    pp,  83-85,  Fart  IV    p,  46,  Fart  V    p,  61, 

In  the  Bank  or  Up  the  Chimney  by  U.S,  Government  Printing  Office  (2nd  ed,), 
^       Washington,  p,C,;    Office  of  Policy  Development  anii  Research,  Division  of 
Energy,  Building  Technology  and  Standards,  U,S,  Department  of  Housing  and^ 
UrbaS^  Development,  1977,  pp,  21,  23,  58,  =  ■  ^ 

Modern  Carpentry  (Rev.  ed,),  by  Willis  Wagner,  Homewood,  111,:  Goodheart 
"  Wlllcox,  Inc,,  1979,-  Chap>ter  on  Floors  and  Insulation- 

.  Fundamentals  of  Carpentry  by  G,  BaTcer  and  R,  Miller,  Bloomlngton,  111,; 

McKnlght  and  McKnight  Publishing,  Inc,  1981  "(Chapters  on  floors  and  In- 
sulation). 

The  Energy  Wise  Homebuyer  by  U,S,  C^ovemment  Printing  Offi.ce,  Washington,  D#C.r 
Supt,  of  Documents,  U,S,  Goyemmept  Printing  Office  (GPO-^ 023-000-005 18-25 


r 


\ 


V 


ERIC 


ACTivm        '  ;j  ^ 

A,       Read*  the  above  references  for  Instructional  package  IP-4,    Then  answer 
the  questions  and  do  the  problems. 


1,    Locate  your  geographical  area  on  the  map  and  determine  the  "R"  factor  for^ 
efficiency  Insulating  your  home,  % 

Zone  '   Type  heat   ^R"  factor  " 


2,  What  type  of  Insulation  Is  most  commoiily  used  In  the  floor  of  a  house? 

3,  What  Is  the  recommended  "R"  value  for  floors  for  the  following  geographic 
zones  and'  types  of  heat? 

-  A,    Zpne  A        a)  electric  heat  


1 


b)  gas  oil  heat  pump 
B,    Zone  B         a)  electric  heat  


b)  gas  oil  heat  pump 
C,    Zone  D         a)  electric  heat   


b)  gas  oil  heat  pump 


4,    Insulation  Installed  with  a  vapor  barrier  attached,  the  vapor  barrier 

Is  to  the 

A,    warm  side         B,  cold  side 
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ACTIVITY  IP-4  ACTIVITY  SHEfiT  KEV 


Objective  A  Check: 


Zone  C  -  Raleigh,  N.C.^-^      '  v  - 
Electric  Heat  E-19  ^ 
Gas  Oil  Heat  Pump  R*ll 


Batts 


3,    Zone  A        a)  electric  heat  -  none 

,  b)  gas  oil  heat  pump  *  none 


^ne  B 


a) 

b)  none 


Zone  D 


a)  R-11 

b)  R-19 


4.  A 


A14  I 


ENERGY  EFFICIEHT  MATERIALS  PART  II 
Energy  Efficient  Materials  for  Ceilings  and  Attics 


ORJECTIVES  •  . 

*  - 

Upon  completion  of  this  instructional  package^  you  will  be  able  to: 
A.    Select  energy  efficient  materials  for  ceilings  and  atticsC^ 

RESOURCES  '  ' 

,  Before  starting  the  activities  for  this  instructional  package  (lP-5)  read 
the  selected  references.  ^ 


Pamphlets? 

Same  as  IP-2.     (Providing  for  Energy  Efficiency  in  Homes  and  Small  Buildings, 
^      ^       -      Part  III^  pp.  75-83^  Part  IV    pp.  44-5^  Part  IV    pp.  57-60. 

*  . 
:Same  as*  ?P-2.     (In  the  Bank  or  Up  the  Chimney,  pp.^  Ilrl6^  47-54*) 


4r3s 


ACTIVITY  t 

Given  the  diagrams  of  the  four  hoifses  belov  place  .the  proper  Insulation  In  the 
ceilings  and  attics  for  an  energy  efficient  house  (be  specific). 


Zone  A  Zone  B 

Insulation  '  Insulation 


PEEDBACK: 

Objective  A  Check;  » 

Insulate  the  celling  and  attic  with  proper  amounts  of  Insulation^ 


Zone  B 
Insulation 


•r* 

— i  L- 

Zone  C 

Heated  Attic 


Zone  D 

Urheated  Attic 


I 


T 


\ 


is 


8 
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ENpRGY  EFFICIENT  MATERIALS  PART  II 
IP*6,     Energy  Efficient  Materials  UsedflrT^ightitif' 

OBJECTIVES 

Upon  completion  of  this  instructional^ackage,  you  vill  be  able  to: 
A,    Select  types  of  lighting  that  would  be  energy  efficient, 

RESOURCES 

Read  the  references  below  before  attempting  to  do  the  activities  for  this 
instructional  packag^* 


Pamphlets: 
Same  as  IP- 2, 


_(Proyiding  for  Energy  Efficiency  in  Homes  and  Small  Buildings. 
Part  III,  pp,  67-8,  108,  Tables  XIII,  XIV,  XV,  p,  69^)  ■ 

Same  as  IP-2,     (In  the  Bank  or  Up  the  Chiinney,  p,  72,) 

Book:  ^ 

ConstructioiL.  Materials  and  Processes.  2nd  ed,  by  Don  A,  Watson,  New  York,  N,Y,: 
McGraw-Hill  Book  Co,  (Gregg  Div,)  1978,  pp,  440-444, 


ACTIVITY  . 

A.        Identify  the  required  lighting  that  is  efficient  for  selected  task. 

TABLE  OF  RECCMIENDED  ILLUMINATION  LEVELS 

FOOTCANDLES  2 ' 

TYPE  OF  WC7JC  ON  TASK  , 

Residential: 

Living  room,  dining  room,  bedroom, 
entrance,  hallways,  stairways  and 
family  room 

Kitchen,  laundry,  bathroom 
Kitchen  work  surfaces  and  range 
Shaving  and  make-up  mirrors 

 SaSfcTTRyrfesTT^PT^t^^^^  

Sewing 

Office: 

Corridors,  elevators,  stairways 

Interviewing  rooms,  reception 
rooms,  washrooms 

Reading  or  writing 

General  office  work,  typing,  filing 

Accounting,  auditing,  bookkeeping 

Detail  drafting 


419 

^40 


ACTIVITY  IP-6  FEEDBACK  KEY 


Otiectlve  A  Check: 
TYPE  OF  WORK 


FOOTCAHDLES 
ON  TASK 


Im 


/m2 


Residential : 

Living  room,  dining  room,  bedroom, 

entrance,  hallways,  stairways  and 

, family  'rooms  '  , 

■ 

Kitchen^  laundry,  bathroom 
Kitchen  work  surfaces  and  range 
■  Shaving  and  make-up  mirrors 
Sink,  workshop,  reading  fine  print 


10 

30 
50 
50 
70 


108 

323 
538 
538 
753 


Sewing 
Office: 

Corridors,  elevators,  stairways 

Interviewing  rooms,  reception 
rooms,  washrooms 

Reading  or  writing 

General  office  work,  typing,  filing 

Accounting,  auditing,  bookkeeping 

Detail  drafting 


100 

20 
30 

70 
100 
150 
'200 


1078 

215 
323 

753 
1078 
1615 
2153 


POST-CHECK 
ENERGY  EFFICIENT  MATERIALS  PART  II 


DOORS,  WINDOWS,  STORM  DOORS  AND  WINDOWS,  FLOORS, 
CEILINGS,  ATTICS  AND  LIGHTING 


Post-Test;    Check  for  Doors,  Windows,  Storm  Doors  and  Windows,  Floors,  Ceiling 
Attics  and  Lighting 

DIRECTIONS:    Write  appropriate  answer  In  the  blank  on  the  left  margin  for  each 
question*  ^ 

■i 

IP-1 

  1,    List  types  of  doors  according  to  highest  to  lowest  '*R"  values: 

A,  hollow  core 

B,  solid  wood 

C,  steel-clad  foam  center 

  2,    The  best  insulating  storm  door  Is: 

A,  metal  and  glass 

B,  wood  and  glass 

C,  solid  metal 

3.    Fill  In  chart  below: 


TMCKNESS  "R"  VALUE 

TYPE  OF  DOOR  cm         Inches  si  (US) 

Steel  clad- foam  center  1^92 

Solid  wooden  door  2.5  1"  ,27  - 

Solid  wooden  door  3,2  .32 

Steel  clad-foam  center     _  ■  2.5  1"  1-38 


Aluminum  frame  windows  have  a  lower  R-value  than  wooden  frame 
windows* 
A,  True 
B*  False 

Jalousie  windows  are  energy  efficient • 

A,  True 

B,  False 


442 


  1. 

  2. 


\ 


posth::heck 

(Continued) 


3.    Window  space  In  a  building:  ^ 

A.  Improves  energy  efficiency 

B.  reduces  energy^  efficiency 

C.  makes  no  difference  In  energy  efficiency*- 

i.    The  most  effective  of  the  following  ways  to  Improve  efficiency  of 
windows  Is:  *  *  ' 

A.  add  single  glazed  storm  windows 

B.  Install "triple  glazed  window  with  storms 

C.  add  plastic  sheeting  on  outside 

D.  none  of  the  above 

5.  Windows  help  prevent  air  Infiltration. 

A.  True 

B.  False  ' 

6.  Which  type  of  window  Is  most  energy  efficient? 

A.  double  hung' 

B.  jalousie 

C.  awning 

D.  architectural  projected 


I? -3       Stora  Doors  and  Storm  Windows 


Window  glass  Is  a  poor  Insulator. 

A.  True 

B.  False 


2.  The  type  storm  window  with  the  best  *'R"  value  Is: 

A.  glass  with  wooden  frame 

B.  glass  with  al^mllnIml  frame 

C.  rigid  plastic 

D.  flexible  plastic 

3.  Glass  with  aluminum  frames  Is  the  most  durable. 

A.  True 

B,  ,  False 


4.  XJhen  fitting  stor&  windows ,  measure: 

A.  one  window  and  get  storm  windows  for  all  windows  the  same  size 

B.  all  windows  and  fit  each  individual  window 

5.  Double  glazing  combination  vlndows  will  reduce  heat  loss  by: 
A.    1/10         B,    2/3         CA  i£ 


POST-C^K 


(Continued) 


IP-3  cont. 


6.  '  Aluminum  combination  storm  windows  can  be  used  on: 

A.  all  types  of' windows 

B.  only  double  hung  or  .horizontal  sliding  glass 

C.  awning  type  windows 

7.  Flexible  plastic  Is: 

A.  an  Inexpensive  temporary  Installation 

B.  a  permanent  type  Installation 

8.  Flexible  plastic  may  be  Installed: 

A.    Inside         B.    outside         C*    either  Ittslde  or  outside 

9.  To  Install  storm  doors,  screen  doors  imist  be: 

A.  left  In  Pl^Sie 

B.  removed 

10.    A  storm  door  Is  hung  on: 

A.  the  Inside  casing  of  the  door  to  open  Inward 

B.  the  outside  casing  of  the  door  to  open  outward 


Energy  Efficient  Materials  for  Floors 

  1.    On  perimeter  Insulation  of  a  slab  floor  you  would  use; 

A.  batts  (with  no  vapor  barrier)  0 

B.  reflective 

C.  rigid 

D.  fiber  glass 

  2.    Flexible  Insulation  Is  suppotted  under  finished  floors  by: 

A.    heavy  gauge  wire        B.    wire  mesh         C.    either  of  the  above 

  3.    Flexible  Insulation  Is  easier  to  Install  In  floors: 

A.  before  the  subfloor  Is  laid 

B.  after  the  house  Is  finished  . 

  A.    Rigid  insulatlpn  may  be  used  in  the  following  types  of  floors: 

A.  existing  slab  floors 

B,  wood  jEloors  ^  ^ 
^         C.    new  slab  floors 

D.    all  of  the  above^ 

  5.    Utilizing  the  diagram  below  indicate  the  type  of  Insulation  that  you 

would  install  in  the  floor  of  each  house. 

'   ^  .  r 
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POST -CHECK 


(Continued) 


IP-4 


5.    Utilizing  the  diagram  below  Indicate  the  type  of  Insulation  that  you  would 
Install  In  the  floor  of  each  house. 


Insulation 


INSULATION 


Insulation 


INSULATION 


Unheated  Afltlc 


UNHEATED 
ATTIC 


Heated  Attic 


HEATEP 
ATTIC  1 


CL5 


T 


[r 
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POST-CHECK 


(Continued) 

Energy  Efficient  Materials  for  Ceilings  and  Attics 


1.  Insulation  should  be  Installed  in  a  new  or  remodeled  building; 

A.  as  each  component  part  Is  completed 

B.  after  all  framing  Is  done  and  electrical,  plumbing,  heating  and 
cooling  are  roughed  In  * 

C.  after  the  building  Is  completed 

2.  Tlie  purpose  of  Insulation  Is  to;  ^ 
A.    keep  out-molsture 

.  B.    strengthen  the  structure 
C.    improve  the  thermal  efficiency 

3.  For  buildings  which  have  no  attic  and  insulation  is  Installed  next 
to  the  roof 

A.  air  space  is  required  between  Insulation  and  roof 

B.  air  space  is  not  required 

C.  air  space  is  required  between  Insulation  and  ceiling 

4.  When  installing  flexibla^or  loose-fill  insulation  in  the  attic; 
A.    be  sure  to  pack  insulation  against  the  cornice  to  prevent  air 

from  entering  the  attic  through  the  soffit  vents 
B#    avoid  restricting  attic  ventilation  through  the  soffit  vents 

5.  When  installing  flexible  Insulation 

A.    wear  short  sleeve  and  loo^se  fitting  clothes 

B;    wear  a  chemical  respirator  ,  - 

wear  safety  goggles,  dust  mask,  and  clothes  that  fit  tight 

around  the  neck  and  wrists 

6.  When  adding  flexible  Insulation  to  the  celling; 

A.  lay  all  blankets  or  batts  parallel  to  joist 

B.  lay  insulation  parallel  to  joist  until  space  is  filled,  then 
lay  extra  at  right  angles  to  joist 

lay  all  Insulation  at  right  angles  to  joist 

7.  When  installing  a  blanket  or.batt  insulation: 

A.  leave  spaces  between  joist  for  expansion 

B.  pack  Insulation  in  tightly 

C.  place  Insulation  loosely  leaving  no  spaces  between  joists  or 
around  receptacles  and  pipes 

8.  If  the  vapor  barrier  backing  is  reflective  foil; 

A.  the  backing  miust  be  stapled  to  the  inside^'edge  of  the  joist  and 
an  air  space  provided 

B,  the  backing  must  be  stapled  to  the  outside  edge  of  the  joist 
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IP-5 


9. 


POST-CHECK 
(Continued) 


If  the  Insulation  has  a  vapor  barrier,  the  vapor  barrier  should  be 
placed:  " 

A.  next  to  the  heated  side 

B.  next  to, the  exposed  (cold^  side 

C.  does  not  matter 


,IP-6       Enerftv  Efficient  Materials  Used  In  Lighting  ^ 
•  * 

  1.    Wo  types  of  natural  lighting  that  can  be  used  to  ^improve  our 

visual  comfort  are  and  


2.    Which  of  the  two.  types  of  artificial  lights 
Install? 

A.    fluorescent         B.  Incandescent 


expensive  to 


3 .  The  term  lumens  means 

A.*   type  of  light         B.    light  emitted         C.    amount  of  power  used 

4.  Which  of  the  following  lights  gives,  the  largest  amount  of- lumens? 
A.    Incandescent      .  B.    high  intensity         C.  fluorescent 

5.  Long  life  bulbs  furnish  what  percentage  of  light  as  a  regular  bulb? 
A.     50%         B.    70%         C.  80% 
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POST-XEST  KEY 


\ 


NOTE:    This  key  should  be  Icept  separate  from  remainder  of  module  and  furnished 
only  to  Instructor. 


lP-1 

1.  C,  B,  A 

2.  B 

3.  see  chart  below 


THICKNESS  -  

"R"  VALUE  .  - 

TYPE  DOOR 

cm 

inches 

SI 

(US) 

Steel  clad  foam  center' 

5.1 

■  -2" 

1.92 

10.94 

Solid  wooden  door 

1" 

.27 

1.56 

Solid  wooden  door 

3.2 

Ik" 

.32 

1.82 

Steel  clad  foam  center 

2.5 

1"  " 

1.38 

,  7.8 

IP-2 


1. 
2. 
3. 
4. 
5. 
6. 


A 

B 
B 
B 
B 
A 


IP-3 


1. 
2. 
3. 
4. 
5. 


A 
A 
A 

B- 
C 


6.  B 

7.  A 

8.  C 

9.  B 
10.  B 


1. 
2. 
3. 
4. 

5.. 


C 

C  -  ' 

A 
D 

see  (lP-4  Q5) 
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POST  TEST  KEY 
(Continued) 


1.  B 

2.  C 

3.  A 

4.  B 

5.  C 

6.  B 


7. 
8. 
9. 


C 
A 
A 


IP-6 

1 .  windows ,  skylights 

2.  A 

3.  B 

4.  C 

5.  C 
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ERIC 


IP-5      Question  5  KEY  . 

/ 

5A  5B 
Insulation  Insulation 


■  2*'  rigid  on  exterior  foundation  vails  to  below  frost  line 
5b  -  2*'  rigid  -  3*  In  from  foundation  wall 
5C  -  2*'  rigid  round  perimeter  to  below  frost  line 
5D      2*'  rigid  aound  perimeter  to  below  front  line 


MODULE  SEVENTEEN 


El^ERGy  CONSERVATION 'IN  PRIVATE  TRANSPORTATION 
(EXCLUDING  MAINTENANCE  AND  DRIVING  HABITS) 


Prepared 

Kenneth  E*  Poucher 
De|?artment  of  Industrial  Education  and  Technology 
Ball  State  University 
>luncle ,  Indiana 


USDOE  Sponsored  Faculty  Dev^opment  Workshop^  on  Energy 
Conservation  for  lAE  at  North  Carolina  State  University 
June  1981-R,E,  Wenlg,  Director 
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ENERGY  CONSERVATION  IN"  PRIVATE  IRANSPORTATION, 
(EXCiUJDING  MAINTENANCE  AND  DRIVING  HABITS) 


^  Private  transportation  Is  vital  to  Americans'  way  of  life.    With  &iel  cost 
consistently  rising  more  and  more  of  the  person's\budget  will  be  toward 
paying  for  private  tranaportatlom   'Those  who  compjiete  this  module  be  able 
to  reduce  cost  of  private  transportation,  and  yet  kcjeip  their  way  of  life* 

V 

TERMINAL  PERFORMANCE  OBJECTIVE 


Upon  completion  of  this  module  the  stydentswlllt     (1)  Identify  five 
techniques  that  a  family  might  use  to  conserve  energy  in  the  family  transporta- 
tion needs,  '  (2)  list  advantages  and  dlsadvantages^f  each  technique  and 
discuss  the  feasibility  of  each  technique  in  the  family  situation,  (3)  devise 
a  plan  which  would  utilize  each  of  the  five  techniques^  (4)  compute  the 
typical  fuel*  mileage  or  time  savlngs^and  (5)  compute  the  annual  savings  In 
monetary  terms  if  all  feasible  techniques  were  utlllzed+^\  ^ 

Achievement  of  the  terminal  performance  objectives  will  be  accomplished  ' 
by  successfully  completing  the  five  instructional  packages  (lP-1-5)^  Prior 
\to  satisfying  the  IP  requirements  a  pre-check  evaluation  will  be^xequired  to 
determine  an  Individual's  level  of  technical  competency.  \ 

The  results  of  the  pre-check  may  be  used  to  diagnose  and  prescribe  the 
IPs  that  are  required  to  complete  the  instructional  module*  \ 

Individuals  ijnfamlliar  with  the  technical  data  of  this  module  should  omit 
the  pre-check  and  begin  IP-rl*    Those  who  take  the  PRE^CHECK  should  record  the 
results  in  the  following  section* 


INSTTtUCTIONAL  PACKAGES  ^  KNOW  NEED 

IP-1*       Energy  Savings  In  the  Private  Transportation 

Sector  by  , the  Multiple  Objective  Technique     

IP-^2+        Energy  Savings  in  the  Private  Transportation 
Sector  by  the  Family  Pooling  (Consolidated 

Trip)  Technique        -         .  '    

IP-3+       "Energy  Savings  in  the  Private  Transportation 

Sector 'by  the  Planned  Time  Technique        ,^  '\    

'I 

IP-4+       Energy  Savings  in  the  Private  Transportation 

Sector  by  the  Planned  Route  Technique     

IP-5..        Energy  Savl^ngs;  in  th^  Private  Transportation 

'    Sector  by  the  Alternate  Mode  Technique    
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PRE-CHECK 

EKERGY  CONSERVATION.  IN' PRIVATE  TRANSPORTATION 
(EXCLUDING  MAINTeiANCE  AND  DRIVING  HABITS) 

DIRECTIONS:    J*lace  a  "T"  for  true  and  an         if  the  answer  is  false  beside  the 
-  -     question  in  the  space  provided. 

IP-K       Energy  Savings  in  the  Private  Transi?prtatlon  Sector  by  the  Multiple 

Objective  Technique  .  < 

  1.    One  advantage  of  the  multiple  objective  technique  of  making  one 

longer  round  trip  instead  of  three  or  four  short  trips  is  that  the 
automobile,  will  get  better  tniles  per  gallon. 

^   2,    The  use  of  a  shopping  list  is  an  aid  to  the  purchaser  in  establish- 

ing the  Tninimum  route. 

  3  .    A  motorist's  normal  or  average  city  driving  4nileage  is  18  mpg.  If 

he  picks  up  three  riders  he  will  still  average  18  mpg* 

  4.  ■  A  wise  shopper  will' clip  the  coupon  from  the  morning  paper  and 

drive  immediately ■ to  the  grocery  store  so  as  to  benefit  from  the 
coupon  savings. 

  5.    The  energy  conscious  driver  will  cruise  around  the  mall  looking  for 

a  parking  place  nearest  to  the  center  of  the  stores  Involved  in  the 
shopping. 

  6.  "a  warm  engine  is  more  fuel  efficient  than  a  cold  engine, 

IP-2.  ^     Energy  Savings  in  the  Private  Transportation  Sector  by  the  Family 
Pooling  (Consolidated  Trip)  Technique 

  1.    Assuming  it  is  10  miles  to  work,^  the  ideal  number  of  riders  for  a 

car  pool  would  be  6. 

  2.    Combining  a  shopping  trip  with  a  pick-up  at  the  school  in  the  same 

general  area  can  reduce  fuel  consumption  as  much  as  20%  to  30%. 

  3.    For  economy  It  Is  best  to  put  the  heavy  packages  in  the  trunk  and 

the  heavier  passenger  In  the  rear  seat. 

  4,    A  luggage  rack  is  beneficial  from  the  fuel  economy  standpoint  as 

it  enables  the  driver  to  carry  more  passengers 'and  a  heavier  shop- 
ping load.  - 

  5.    Since  urban  family  pooling  results  in  carrying  more  weight,  it.  is 

advisable  to  pump'^up  the  tires  and  thereby  save  gasoline. 

  6.    It  is  possible  that  the  use  of  an  air  conditioner  during  city 

driving  can  offset  the  benefits  or  consolidating  trips. 
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Energy  Savings  in  the  Private  Transportation  Sector  by  the  Planned  Time 
Technique 

1.  It  is  best  to  plan  the  trip  dtiring  a  rain  as  better  economy  will 
result  from  the  cooler,  moister  conditions* 

2.  Accelerating  fully  from  the  stop  light  so  as  to  get  ahead  of  the 
rush  hoxir  traffic  will  enable  the  motorist  to  increase  the  mileage 
per  gallon* 

3.  Driving  in  peak  traffic  not  only  lessens  fuel  economy,  it  results  In 
an  Increase  in  exhaust  onissions. 

4*    The  legal  interstate  speed  limit  of  55  mph  was  selected  because! 

A,  it  is  a  safer  speed  for  the  average  motorist 

B,  it  is  the  slowest  speed  that  the  American  driving  public  will 
tolerate 

C,  driving  at  55  mph  is  a  ^ood  average  speed  which  can  save 
considerable  fuel 

D*    Cara  emit  less  exhaust  emissl-    ^   than  at  most  other  speeds 

5*    At  50  miles  per  hour  ^he  car  is  traveling  about   feet  per 

second;scan  will  be  a  little  over    ahead* 

A,  30  feet  per  second,  360  feet 

B,  45  feet  per  second,  l/lO  of  a  mile 

C,  60  feet  per  second,  2  football  field  lengths 

D,  75  feet  per  second,  3  football  field  lengths 

6,    Assuming  motorist  A  drives  5  miles  in  20  minutes*    Motorist  B  drives 
the  same  5  miles  in  15  minutes.    The  percentage  of  fuel  savings  is 
A,    15%         B,    25%         C;    35%         D,  45% 


Energy  Savings  in  the  Private  Transportation  Sector  by  the  Planned 
Route  Technique 

!•    What  is  the  significance  of  the  *T)on't  Walk"  display  to  the  motorist^ 


2,  A  poor  driver  can  diminish  his  fuel  economy  'l>y''as  much  asi 
A,    5%         B,    15%         C,    25%         D,  35% 

3,  The  average  duration  of  the  red  light  is; 

A,    10  seconds         B,    15  seconds         C,    20  seconds         D,  25, 
seconds         E,    30  seconds 

4,  it  a  driver  sees  the  light  ahead  turn  yellow*he  should  turn  off  the 
ignition,  put  transmission  Into  neutral  and  coast  until  necessary 
to'brake  for  the  stop  light*    This  will  improve  his  economy- 
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5.  It  is  usually  feasible  to  go  through  the  green  light  for  a  block 
and  make '3  consecutive  right  turns  and  through  the  green  light 
rather  than  to  try  to  turn  left  across  traffic. 

6.  It  is  generally  an  accepted  practice  to  use  a  higher  octane  fuel 
than  specified*    The  car  will  get  enough  better  mileage  to  offset 
the  4c  to  5c  per  gallon  higher- cost* 


Energy  Savings  in  the  Private  Transportation  Sector  by  the  Alternate 
Mode  Technique 

1.  Generally  an  alternate  mode  of  transportation  sacrifices  time,  and 
convenience  for  gasoline  economy.  ^ 

2.  On  the  average  a 'two  ton  family  sedan  uses  about  40%  more  gasoline 
that  a  one  ton  subcompact.. 

3.  When  comparing  costs  of  alternate  modes  of  transportation,  one  must 
also  include  capital  outlay. 

4.  The  least  fuel  consuming  form  of  an  alternate  transportation  mode 
but  not  always  feasible  ^Is  also  the  oldest  ~  walking* 

5.  If  you  purchased  a  bicycle  for  $169.00  so  as  to  save  gasoline,  and 
the  bicycle*s  estimated  life  is  34  weeks  per  year  for  five  years, 
what  is  the  pro--rated  cost  per  week? 
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PRE-CHECK  ANSVJERS 


IP-1 

1.  T  ' 

2.  T 

3.  F 
A.  F 

5.  F 

6.  T 


IP-2 


1. 

F 

2. 

T 

3. 

F. 

A. 

F 

5. 

F 

6. 

T 

IP- 

-3 

1. 

F 

2. 

F 

3. 

T 

A. 

C 

5. 

D 

6. 

B 

IP-A  •  .    '  ' 

1.  The  "Don*t  Walk"  display-  tells  the  motorist  that  the  green  will  soon  change 
to' yellow.  He  should  estimate  whether  he  will  hscve  to  stop  or  can  make  it 
on  the  greeS.. 

2.  D 

3.  C 

A.    F  '  ' 

5.  F  ■  " 

6.  F 


IP~5 

1.  T 

2.  T 
2.  T 
A.  T 

5.  Very  close  to  $1.00  per  week 
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FEEDBACK:  Instructional  Package  1 
Objective  A  Check: 


1.    List  four  additional  categories  of  .family  purchases  such  as  groceries, 
hardware,  etc- 


Objective  B,  C  6  D  Check: 

2.    Compute  the  total  mileage  and  costs  of  the  folloving: 

A.    One  way  trip  of  H  mile^  2  miles,  3  miles  and  1^  miles  @16  miles  per 
gallon  and  $1.35  per  gallon. 


3.    Compute  the  total  mileage  and  cost  of  the  following:    multiple  objective 
trip: 

A,    Trip  of       3/^^  1.3  and  1  mile  at  16  miles,  per  gallon  at  $1.35  per 
gallon. 


A.    From  the  following  map  compute  the  total  mileage  for  a  round  trip  to  Store 
A  and  a  round  trip  to  Store  B.    Compute  a  trip  to  Store  A  to  Store  B  and 
home.    At  18  mpg  and  $1,239  per  gallon^  how  much  fuel  and  money  are  saved? 

2^  miles  - 
Store  A  #  ^Store  B 


2  miles 
Home 


3.2  miles 
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ACTIVITY 

A.        Scotch  tape  or  pin  a  shopping  list  on  the  kitchen  wall.    Similarly  tape 

a  calendar  of  family  activities  in  a  nearby  place.    Coordinate  the  family 
business  activities  so  as  to  reduce  the  many  short  trips  into  one  larger 
round  trip. 

5.        Using  a  city  map  select  the  route  which  would  enable  the  family  car  to 
Include  the  stops  in  the  shortest  distance. 

C.  Plan  one  of  the  essential  trlDS  and  record  the  time  required  to 
complete  the  trip  and  the  resulting  mileage. 

D.  Record  the  time  and  mileage  requlre'cl  to  complete  the  same  stops  in  the 
previous  uncoordinated  or  unplanned  random  method. 

E.  ^     Compare  the  time  and  the  mileage  required  for  the  two  methods. 

F.  Draw  conclusions  concerning  random  method  time  and  mileage  requirements 
and  the  multiple  objective  use  time  and  mileage  requirements. 

G.  Convert  the  mileage  savings  into  monetary  terms. 
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FEEDBACK  KEY:    Instructional  Package  1 


1.    Groceries,  hardware,  drugs  and 'prescriptions, gasoline,  dry  cleaners 
appliances  and  furniture,  professional  services 


2.    6  3/4  miles  x  2  »  13l£  miles  . 

13^'  X  $1.35  =  182.25  =  $1.14 
16  '  16 


3.  6h  miles    X    $1.35    =.  8.4375 

16      ,  •  16 

4.  4  miles    +    6.4  miles    -    10. A  miles 

10.4    X    1.239    «  $.72 
18 

2  miles    +    Zh  miles   +    3.2  miles    =    7.45  miles 

7.45    X    1.239    '    .923055    =  $.51 
-   18  18 

Savings  .7-2  -  .51    =  $.21 

OR    10.4  -  7.45    =    2.95  miles  - 


2.95    X    $1,239    =  $.20 
18 
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ACTIVITY 


A.  Scotch  tape  or  pin  a  calendar  next  to  the  shopping^list  on  the  kitchen 
wall.    Coordinate  the  business  and  social  activities  so  as  to  reduce  the 
number  of  trips  to  a  fewer  lujinber  of  trips. 

B.  Record  the  number  of  trips  taken,  the  mileage  required  for  one  week  of 
non-car  pooled  trav^els.  > 

C.  "     Record. the  number  of  trips  taken,  the  mileage  required  for  one  week  of 

car  pooled  activities. 

D.  Compare  the  time  and  the  mileage  required  for  the  random  method  and  the 
family  pooling  method. 

E.  Convert  the  mileage  savings^  intcy  monetary  terms. 


4  Go 

A39 


FEEDBACK: 


Objective  A  Check: 


1.    Car  pooling  Is'a  proven  energy  saving  technique.    Similar  scheduling 
of  family  social  and  business  activities  Is  known  as: 
' A.    combining  trips 

B,  family  pooling 

C,  consolidation  of  trips  ^  . 

D,  all  of  the  above 


Assume  the  following:*   10  round  trips  to  school  each  week  at  3/8 
mile  from  home  to  school.    AI0O  tplps  at  distances  of  Vmlle  one  way 
Ih  miles  one  way,  .75  miles  one  way,  .6  miles  one-way  and  1  mile 
one  way.    What  'Is  the  total  mileage  for  the  week? 


Objective  B  Check: 


3.    Consider  the  following:    Trips  of  1  mile,  2  1/8  miles,  1.25  miles, 
,1.375  miles,  1.2  miles  and  2  miles.    What  Is  the  total  mileage  for 
.  the  week?  • 


Objective  C  Check: 


4.    Exercise  2  Is  a  week  of  non-poqled  driving .    Exercise  3  Is  a 

combined  business  and  school  ti^lp  for  the  week.    How  much  gasoline 
was  saved  during  the  week  If  the  car  averages  18.5  mpg  urban 
driving?    How  much  gasoline  was  saved  during  the  school  year  of  32 
-  weeks? 


Objective  D  Check:  - 

5.    At  $1.38  per  gallon  what  Is  the  school  year  savings? 
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FEEDBACK  KEY: 

1.  D 

2.  15.7  miles  .  ,  , 

3.  8.95  miles 

4.  15.7  -  8.95    =    6.75  miles  saved 

6.75    -    .365  gallons  saved  per  week  X  32  weVCs 
18.5 

=    11.67  gallons  saved  per  school  year 

5.  11.67  gallons  X  $1,38  per  gallon    =  S16.ll 
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ACTIVITY 

A*        Using  A  city  map  plan  a  route  necessary  to  conduct  family  business  or 
social  activities' using  car  pooling  or  multiple  objective  techniques* 

B*        Following  the  map  record  the  driving  time  necessary  to  complete  the 
route  during  non-peak  traffic  hours* 

C*        Following  the  map  record  the.. driving  time  necessary  to  complete  the 
route  during  peak  traffic  hours* 

D*     .  Convert  the  savings  in^time^ to  savings  in  fuel  using  approximate 
uxD^n  tuex  consumption  for  the  family  car  model* 

E,        Convert  the  fuel  savings  into  mpnetary  terms* 


— T  ■ — 

^  - 
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FEEDBACK: 

Objective  A-E  Check: 


1. 


2. 


Maintaining  a  constant  speed  is  most  difficult  in 

A*    open  road  driving 

Ef.     city  driving 

C*     interstate  driving 

D,    rush  hour  traffic  - 

If  you  see  a  red  light  far -ahead »  you  should: 
A*    speed  up  - 

start  J>raking  immediately  « 
C*     select  the  lane  with  the  fewest  number  of  cars 
D,    start  slowing,  and  try  to  gauge  your  speed  to  pass  the  light 

while  green 


3. 


Tailgating  is  an  unacceptable  driving  technique  as  It: 

A.  saves  gasoline  for  all  cars  involved 

B.  enables  each  motorist  to  maintain  a  constant  speed 
C*    enables  each  motorist  to  conserve 

D*     is  hazardous  and  not  effective  except  on  the  race  track 
A      Taf*krj^h>^-i Mng  rfp.gr.rihes  a  driving  mo'de  in  which  the  motorist: 


'  A*  accelerates  rapidly  when  starting 

B*  decelerates  severely  when  stopping 

C.  wastes  energy 

D.  all  the  above 

5*    When  planning  a  route  through  the  city  to  conserve  energy  one 
.  would  avoid :  . 
^A-    peak  rush  hour  traffic 
B-    stop  -signs 

C*     construction  zones  ^ 

D.     left  turns 

E-    all  of  the  above 
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FEEDBACK  KEY : 

1.  D 

2.  '  D 

3.  D- 

5.  D 
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ACTIVITY 

A-  '      Using  a  city  inap  mark  the  route  taken  by  the  driver  of  the  family  car' 
In  completing  the  stops  planned  utilizing  the  family  pooling  or 
multiple  objective  techn3bqai£^  ' 

B.  Record  the, time  required  and  the  mileage  traveled  for  the  trlp- 

C.  Using  the  city  map  plan  the  route  including  the  sSme  stops  noting 
4-way  stop  intersec^ons,  stop-go  lights^  preferential  streets/ 

^uncontrolled  intersections^  apd  other  conditions* which  affect 
rate  of  speedy  variation  of  speed  and  idling  time^ 

D.  Record  the  time  required  and  the  mileage  traveled  for  the  trip- 

E-  '     Convert  the  savings  in  time  to  savings  in  fuel  using  approximate 
^  urban  fuel  consumption  figures  for  the  model  of  the  family^  car,. 

F-        Convert  the  fuel  savings  into  monetary  terms-  j 


r 


FEEDBACK: 


Objective  A-F  Check: 


1*    Maintaining  a,  steady  speed  and  nov  varying  more  than  5  miles- per. 
hour  can  siffve  as  much  as: 
A*     1*3  miles  pe?:  gallon  highway  driving 
B*     5*0  miles  per  gallon  highway  driving 

C,  7*2  miles  per  gallon  highway  driving 

D,  9-0  miles  per  gallon  highway  driving 

2,    Jerky  acceleration  can  decrease  city  driving's  miles  per  gallon 
b>#as  much  as:        -     *  ■ 

A*    4  miie^per  gallon  ^  _ 

B-     2  miles  per  gallon 

C-     ^  miles  per  gallon 

D-   'no  effect  on  consumption 

3-    The  least  fuel  consumption  for  passenger 'cars  per  mile  is: 
A*     25-45  miles  per  hour 
B-     35-55  mil es' per  hour 
C*    45-65  miles  per  hour 
D,     55-75  miles  per  hour 

4,  At --idling  the  mileage  per  gallon  is: 

A,     20  B*     15  C-     10         D-     5         E,     0  , 

5,  Starting  an  engine  takes  slightly^ less  gasoline  thg^^ 
seconds  of  idling, 

A,     10'        B*     20         C,     30         D,     40         E-  50 
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FEEDBACK  KEY; 


2-  B 

3.  /B 

4.  E 

5.  C 
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ACTIVITY 


A-        Read  the  resource  materials  and  give  an  example  of  how  each  trans- 
portation mode  or  technique  could  be  used  to  nie.et  family  needs  or 
personal  needs- 

B-        The  student  will  compile  a  list  of  transportation  needs  for  himself 
'  for  one  typical  week  using  the  family  car. 

From  t.he  transportation  needs  list  the  student  will  select  those 
trips  for  one  week  which  would  be  feasible  using  an  alternate  mode 
Such  a  bicycle,  moped^  motorcycle  or  on  foot. 

Using  the  appropriate  miles  per  gallon  of  the  family  (or  student) 
automobile^  compute  the  fuel  consumed  in  a  typical  week  meeting  the 
transportation  needs  of  the  student* 

If  operating  costs  are  incurred  using  the  selected  alternate  mode, 
compare  the  consumption  for  a  typical  week  with  the  automobile 
consumption  for  the  same  activities.    The  difference  represents  an 
energy  savings* 

^*  Convert  fuel  consumption  weekly  figures  to  cost  per  mile  and  multiply 
by  the  number  of  weeks  of  alternate  mode  use  to  secure  annual  operat- 
ing cost  savings* 
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FEEDBACK: 

Oblective  A-F  Check: 

1-    Explain  how  a  tnotorist  averaging  30  miles  per  hour  can  use  more  fuel 
than  a*  motorist  averaging  40  miles  per  hour* 


2*    Carrying  200  pounds  of  sand  in  the  trunk  to  increase  traction  for  winte 
driving  will  reduce  mileage'  by 

A.    2%  12%'        C*     22%  "32%         E*  42% 

3-  ,  A  5%  reduction  in  miles  per  galLon  in  a  car  which 'averages  30  miles  P^r 
gallon  with  gasoline  costing  $1,439  a  gallon  costs: 
^     A.     5. AC         B.     6*0C        C*     6.6c         D-     7.2C         E-  8-OC 

A,    Explain  how  a  motorist  can  avoid  making  a  left  turn  at  an  uncontrolled 
intersection  during  rush  hour? 


5-    If  the  student  purchased  a  $126,00  bicycle  to  avoid  driving  to  school 
^ach  day*    ^  could  use  his  bicycle  on  the  average  of  4  days  per  week 
32  xjeeks  for  ttle  school  year-    Bicycle  life  is  estimated  to-be  3  years* 
Round 'trip  to  school  is  3k  miles.    The  family  car  Is  operational  and 
capital  costs  are  45c  per  mile  total*    The  car  averages  18  mpg .  What 
is  the  total  number  of  miles  to  school,^, the  costs  of  each  mode,  the 
Savings  in  dollars  by  riding  the  bicycle  and  the  number  of  gallons 
saved? 
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FEEDBACK  KEY: 


U     A  motorist  averaging  30  miles  per  hour  can  use'more  gasoline  than  a 
motorist:  going  40  miles  per  hour  by:  \ 
A-    rising  on  the  brake  pedal'with  bis  left  foot 
B»     not"^  releasing  tbe  emergency  brake  completely 
C-     "kicking"  and  "coasting'^  constantly 
D-     longer  acceleration  and  laxe  bard  braking 

2.    A  ■ 

3-  D 

4-  By  turning  left  and  paralleling  tbe  preferential  highway  until  intersect' 
ing  witb  a  crbss  rbad  vltb  a  stop-go  llgbt.      Turn  on  tbe  cross  road  to 
the  rights  proceed  co  tbe  llgbt  and  tben  turn  left  at  tbe  I'^gbt* 

5-  416  miles  per  scbool  year-     Bicycle  costs  are  $25*20*    Autoinobile  costs 
are  $185-60*    Savings  are  ,$160-40  per  year*    Gasoline  savings  are  14 
gallons ^ per  scbool  year* 


A50 


471 


POST-CHECK 

ENERGY  CONSERVATIONS  IN  PRIVATE  TRANSPORTATION 
DIRECTIONS:    Provide  the  appropriate  response  that  answers  the  questions^ 

I-     List  four  advantages  of  car  pooling  or  family  pooling. 


2<     To  conserve  gasoline  it  is  recommended  that  a  driver  accelerate  slowly, 
Is  there  a  time  when  slow  acceleration  is  not  acceptable? 


3-     If  the  average  car  loses  about  I  mpg  for  each  5  mph  over  50,  what  will 
be  the  mpg  at  70  mph  if  the  car  averages  22  mpg  at  50? 


4*     If  braking  changes  kinetic  ener^pr  into  heat  energy  what  is  the  energy 
change  when  accelerating? 


5*    Discuss  how  ru^  hour"  traffic  increases  fuel  consumption- 


6*    If  5  miles  are  saved  each  week  of  the  year  by  consolidating  trips  and 
the  family  averages  15  miles  per  gallon,  how  many  gallons  and  how  much 
money  is  saved  annually  at  $1-38  per  gallon? 


i-:nhkc;y  conservation  in  private  traksportation 

Energy  Savings  in  the  Private  Transportation  Sector  by  the  Multiple 
Objective  Technique 

OBJ ECTIVES 

Upon  Completion,  of  this  Instructional  packaste,  Vou  will  be  able  to; 
A-        Select  stores  and  establishments  appropriate  to  needed  purchases. 

B.  Plan  an  appropriate  route  to  the  selected  stores,* 

C.  Demonstrate  the  planning  necessary  for  purchasing  to  meet  family  needs 

D.  Convert  mileage  savings  into  monetary  units, 

RESOURCES 
Pamphlets: 
Same  as  IP*5, 

Books; 

Same  as  IP^-S*  .  - 


\ 
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POST-CHECK  KEY 

1-  Saves  timej  saves  energy- in  the  form  of  gasoline^  saves  wear  on  the 
automobile,  result.^  in  less  polluclon^uses  fewer  parking  spaces  and 
less  traffic  congestion. 

2.  Entering  interstate  on  the  on-ramp,  passing  another  car  on  two  lane 
roads.     '  " 

3.  20  '  i    =    16  mpg 

^.        Chemical  energy  is  changed  to  mechanical  energy 

5.  Rush  hour  traffic  is  erratic  and  thus  Tmich  accelerating  and  decelerating, 
using  excessive  fuel. 

More  time  spent  idling  at  stops  with  more  fuel  being  used  while 
idling- 

>tore  starting,  stopping  and  braking  thus  more  fuel  consumption, 

6.  17.5  gallons  -  $23.87 
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■    ENERGY  CONSERVATION  IN. PRIVATE  TRANSPORTATION  - 

IP-*2        Energy  Savings  in  the  Private  Transporation  Sector  by  the  Family  Pooling 
(Consolidated  Trip  Technique)  *  ^  ^ 

OBJECTIVES  '  ^ 

Upon  completion  of  this  instructional  package^  you  will       al^le  to: 

A,  .  Schedule  business  and  social  activities  so  as  to  consolidate  many  short 

trips  into  one  longer  trip, 

B,  Plan  an  appropriate  route  to  include  the  scheduled  activities. 

C*        Compute  the  time  and  mileage  savings  of  the  family  pooling  method  and  the 
random  method, 

D,        Convert  mileage  savings  into  monetary  terms. 


RESOURCES 
Pamphlets: 
Same  as  IP-;5, 

Books; 

Same  as  IP-5- 
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\\,  ENERGY  CONSERVATION  IS  PRIVATE  TRANSPORTATION  ^  ^ 

IP-3        Energy  Savings  in  Che  Privace  Transportation  Seccor  by  the  Planned  Time 
Technique 

OBJECTIVES  ^ 

Upon  completion  of  this  Instructional  package,  you  will  be  able  to; 

A.  Plan  a  typical  trip  and  route  using  the  multiple  objective  technique  or 
Che  family  pooling  technique.- 

B.  Compare  the  time  savings  for  a  trip  made  during  peak  and  non-peak  craffic 
hours. 

C.  Compare  the  fuel  savings  for  a  trip  made  during  peak  and  non-peak  traffic 
hours. 

D.  Approximate  fuel  consumption  based  upon  time  en  route*   

o 

£•        Convert  fuel  consumption  savings  intc  monetary  units, 

RESOURCES 
Pamphlets: 

Same  as  IP-5,  ^  > 

Books;  '  ' 

Same  as  IP-5. 


455 

476 


ENERGY  CONSERVATION  IN  PRIVATE  TRANSPORTATION 

IP-4-      Energy  Savings  in  the  Private  Transportation  Sector  by  the  Planned  Route 
Technique 

OBJECTIVES  . 

Upon  completion  of  this  instructional  package,  you  wlll.be  able  to: 

A.  Plan  routes  to  avoid  left  turns  at  ^uncontrolled  intersections, 

B.  Plan  trips  to  utilize  preferred  routes. 

C.  Plan  routes  so  as  to  capitalize  on  the  green  light  at  controlled  inter-, 
sections*  .  ^ 

D.  Recognize  traffic  patterns  and  to  adjust  speed  so  as  to  drive  smoothly  and 
at  a  uniform  speed  along  the  selected  route. 

E*       Approximate  fuel  consumption  based  upon  time  en  route, 

F,        Convert  fuel. consumption  savings  into  monetary  terms, 

RESOURCES: 


ENERGY  CONSERVATIONS  IN  PRIVATE  TRANSPORTATION  ^ 


IP'-S        Energy  Savings  in  the  Private  Transportation  Sector  by  the  AltlBrn^ate 
Mode  Techntoue  *  *  )  * 

OBJECTIVES  .  ^' 

Upon  completion  of  this  instructional  package,  you  will  be  able  to: 

A*      Compute -costs  of  transportation  using  the  Family  or  personal  car  for 
activities* 


Compute  prorated  costs  of  non-motorized  alternate  modes  of  transporta- 
'  tion* 

„C*      Compute  operating  costs  of  motorizBd  alternate  nx>d&s  of . transportation, 

D*      Discuss  the  advantages  and  disadvantages  of  the  aV  ernate  modes  of 
transportation.  •  ^ 


Be  aware  of  the  relative  costs  versus  the  time 
of  alternate  modeis  of  transportation* 

F.      Approximare  the  annual  accrued  savings  on  f." 
alternate  modes  of  transportation- 


jvenience  facjtors 


:ta;::x>n  needs  using 


RESOURCES 
Pamphlets: 

350  Ways  to  Says  Energy  (and  Money)  in  Your  Home  and  Car  by  Henry  R.  Spies 
et  al*j  Grc5TO  Publishers,  Inc.,  New  York,  N.Y.,  1974, 

16  Steps  to  Conserve  Energy  on  QUr  Highways  by.Frances  W.  Stanley,  Nprth 
Carolina  Department  of  Commerce,  1978*  -  ^ 

Mileage  Makers  Tips  by  Amoco  Educational  Services,  Chicago,  Illinois. 

1980  Gas  Mileage  Guide  by  Fuel "Economy  Distribution  Technical -Information 
Center,  Department  of  Energy,  Oak  Ridge,  Tennesses,  1980* 


Books; 

Economy  Driving  by  Doug  Roe,  HP  Books,  Tucson,  Arizona, 
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MODULE  EIGHTEEN 


ENERGY  CONSERVATION  IN  PUBLIC. TaANSPORTATION 


/ 

\ 


1 


Prepared 


by 


Ellis  E.  Lawrence 
Department  of  Industrial  Arts  and  Technology 
Elizabeth  City  State  University 
Elizabeth  City,  North  Carolinja 


USDOE  Sponsored  Faculty  Development  Workshop  on  Energy 
Conservation  .for  lAE  at  North  Carolina  State  University 
June  1951    -    R-E.  Wenig^  .Director 
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ENERGY  CONSE:tlVATION  IN  PUBLIC  TRANSPORTATI'ON 

-  ,  ^  ■         ■  - 

Public  transportatiori  utilizes  approximately  2'6%  6f  the  total  energy  in  the 
United  States.    A  large  portion  of  this  en^ergy  comes  in  t^  form  of  petroleum 
which  is  consumfed  hy^irplaaies »  trucks,  buses,  and 'automobiles  w'&thin  public 
traasportation/    EacnT>f  thXse'  tratvsportation  modes  employs  internal  combustion 
engines  to  conver^the  petro^um  products  (gasoline,  diesel  fuel »  etc-)  to 
usable  en&rgy.    j-   ^  ' 

Th^  purpose  of  t?his  instructional  module  is.  to  show  you  how  to  conserve 
energy  in  the  public  transj>ortation  sector* 


TERMINAL  PERFORMANCE  OBJECTIVE 

Upon  completion  of  this  ins  true t ional  .module »  you  will  employ  various' 
method?  to'  help'<:onserve  energy  i^i  public  transportation,  .  If  you  obtain  a  100% 
rating'on  each  of  the-  instructional  package  Pre-Checks,  go  to  the  next  instruc" 
tional  package.     If  not,  complete  each  6r  all  instructional  packages  and  obtain 
an  80%  score  pn  the  Post-Check.  . 

Achievement  of  the  terminal  objective  will  be  accomplished  by  successfully 
completing  the  five  instructional  packages.  Perhaps  you  alre^y  know  something 
about  conserving  energy  in  the  public  transportation  sector.  If  this  is^true/ 
you  may  wish. to  take  the  Pre-Check  to  determine  the  extent  of  your,  knowledge. 
The  results  of  the  Pre-^Check  may  be  used  to  diagnose  and  prescribe  the  ii;istruc- 
tional  module.  I^^ou  fe^  that  you  do  not  have  any -knowledge  about  coiJServing 
energy  in  the  public  tran^ortation  sector,  you  may  elimina^te  the  -  Pre-dheck  and 
TDegin  the  first  Instructional  Package,  The  results  of  yoor  own -.individual  diag- 
noses and  prescription  may  be  recorded  below. 


INSTRU9XIONAL  PACKAGES. 


KNOW 


NEED 


;ip-i 

IP-2. 
IP-3. 


Use  of  Mass  Tta 
Conserve    ,  ^ 


Conserviijg  Fuel 


a^i6n  and  Values  to 


igh  t  Reduc^s^on 


The- Effect  ^  Lower  Speed-Limits  on 
Energy  C^psdrvation  in  the  Public 
Transportation  Sector^ 


IP-4. 
IP-5. 


Conservation  Through  Car-Pooling 
Conserving  Energy  by  Design 
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PRE -CHECK 


ENERGY  CONSERVATION  IN  PUBLIC  TRANSPORTATION 


DIRECTIONS:       Check  the  answers  with  the  Pre-Check  Key,     If  you  miss  more  than 
one  question  per  section^  you  will  need  to  devote  time  in  learn- 
ing about  this  area.    You  may  record  the  learning  packag  to 
use  by  checking  the  packages  on  the  learning  guide. 

IP-1 *        Use  of  Mass  Transportation  and  Values  to  Conserve 

Circle  the  following  T  for  True  or  F  for  False 

T    F    1*  Mass  transit  systems  do  not  offer  an  economical  alternative  to  the 
private  car* 

T    F    2*  A  bus  fare  is  higher  when  compared  to  the  cost  of  driving  alone. 

T    f    3*  Mass  transportation  is  not  catching  on  in  the  U,S,  */ 

T    F    4*  Most  people  still  want  the  luxury  of  their  own  personalized  tran^^it 
system, 

IP-2,        Conserving  Fuel  by  Weight  Reduction 

Multiple  Choice:    Place  the  letter  of  the  best  answer  in  the  blank* 

 1-     Gasoline  fuel  consumption  can  be  improved  approximately  1  kilometer/ 

3,785  liters  for  each:   removed  from  the  vehicle, 

A,  181  kilograms  C,    250  kilograms 

B,  500  kilograms  D,      10  kilograms 

 2,     In  an  attempt  to  reach  the  fuel  consumption  guides  mandated  by  the 

federal  government  lighter  vehicles  resulted  from: 

A,  Shorter  wheel  base  only  C-     Both  A  and  B 

B,  Lighter  materials  only  D,    Neither  A  nor  B 

 3,     Consumption  guides  by  the  federal  government  state  that  the  fleet 

average  of  vehicles  must  be: 

A,  40  mpg  in  1980  and  45  mpg  by  1985 

B,  15  mpg  in  1980  and  20  mpg  by  1985 

C,  10  mpg  in  1980  and  30  mpg  by  1985 
D*  20  mpg  in  1980  and  27,5  mpg  by  1985 
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PRE-CHECK  (Continued) 
ENERGY  CONSERVATION  IN  PUBLIC  TRANSPORTATION 


lP-3,        The  Effect  of  Lower  Speed-Limit  on  Energy  Conservation 

 1,     Observing  the  55  mph  speed  limit  saves: 

A,     Fuel  only  C,    Lives  only 

B*    Money  only  D-    All  of  the  above 

 2.     As  your  speed  increases,  so  does  your  car's    which  in 

turn  increases  fuel  consumption. 

A.    Wind  resistance  C.    Air  Conditioning 

B*     Gas  Mileage  Electrical  Supply 

 3,     A  careful  driver  should  be  able  to  get  at 

A,  15%  better  mileage  than  an  average  driver 

B,  20%  better  mileage  than  an  average  driver 
C<  90%  better  mileage  than  an  average  driver 
D-  30%  better  mileage  than  an  ^verage  driver 

 4<     Most  cars  get  about: 

A<  10%  better  mileage  at  55  mph  than  at  70  mph 

B.  15%  better  mileage  at  55  mph  than  at  70  mph 

C.  16%  better  mileage  at  55  mph  than  at  70  mph 

D.  21%  better  mileage  at  55  mph  than  at  70  mph 

lP-4,        Conservation  Through  Car-Fooling 

Circle  the  following  T  for  True  or  F  for  False 
T    F    1*  Ca^ools  do  not  make  sense. 

T    F    2.  The  daily  ca^ooler  saves  very  little  on  commuting  cosrs,  wear  and 
tear  on  his  vehicle  and  often  does  not  help  conserve  our  precious 
fuel  supplies. 

^  ~~ 
T    F    3,  Va^ooling  is  simply  a  larger,  more  organised  form  of  ca^pooling. 

T    F    4*  A  vat^ool  consists  of  8  to  11  neighboring  employees  who  commute  more 
than  20  miles  to  and  from  work* 

T    F    5*  The  national  speed  was  lowered  to  50  mph< 

T    F    6*  ^y  cai^oolingj  gasoline  consumption  dropped  approximately  3,4%  and 
y/highway  deaths  17%< 
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PRE^CHECK  (Continued) 


ENERGY  CONSERVATION  IN  PUBLIC  TRANSPORTATION 


T  F 

T  F 

^  T  F 

T  F 

'  T  F 

T  F 

T  F 


1,   If  the  average  passenger  load  were  increased  by  just  one  person,  the 
nationwide  gasoline  savings  would  be  more  than  70  barrels  of  oil  per 


8-   People ' s  value  and  the  degree  of  inconvenience  are  not  primary  con- 
cerns when  considering  car-pooling* 

Conserving  Energy  by  Design 

1.  Air  drag  does  not  absorb  a  significant  part  of  the  power  of  vehicles. 

2-  There  are  many  improvements  in  engines  which  help  to  conserve  fuel* 

3.  Some  improvements  include  electronic  ignition,  precise  fuel  injection 
methods,  and  use  of  engine  design  such  as  diesel,  gas  turbine,  and 
Stirling  engines. 

4.  On  the  average,  the  gasoline  engine  is  22%  to  28%  efficient;  the  die- 
sel  engine  is  32%  to  38%  efficient;  the  gas  turbine  is  42%  to  48% 
efficient. 

5*   The  Stirling  engine  design  is  less  efficient  than  the  gasoline,  die- 
sel,  and  gas  turbine  engines. 

6.  Technological  improvements  are  needed  before  the  Stirling  engine  is 
marketable. 

7,  Probably  the  most  logical  long-range  answer  to  energy  conservation 
in  the  transportation  sector  is  the  electric  vehicle. 


day. 
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PRE-CHECK  KEY 


ENERGY  CONSERVATIOH  IK  PUBLIC  TRANSPORTATION 


IP-1.     Use  of  Ma 88   Trans  port  at  ion  and  Values   to  Con  serve 


1 
2 
3 
4 


F 
F 
T 
T 


IP-2.     Conserving, Fuel  by  Weight  Reduction 

1  ,  A 

2.  C 

3,  D 


IP-3,     The  Effect   of  Lower  Speed-Limits  on  Energy  Conservation 

1,  D 

2,  A  * 

3,  D 

4,  D 


IP -4,     Conservation   through  Car-Pooling 


1 
2 

3. 

4, 

5 

6. 

7 

8 


F 
F 
T 
T 
T 
T 
T 
F 


IP-5.     Conserving  Energy  by  Design 


1 

2, 
3, 
4, 
5. 
6. 
7. 


F 
T 
T 
T 
F 
T 
T 


ERIC 


484 


^463 


ET^RGY  CONSERVATION  IN  PUBLIC  TRANSPORTATION 

IP-i -        Use  of  Mass  Transportation  and  Values  to  Conserve 
OBJECTIVES 

Upon  completion  of  this  instructional  package,  you  will  be  able  to: 

A,  View  the  important  aspects  of  energy  conservation  after  listening  to 
lectures,  watching  films,  and  reading  reference  materials;  thereby 
maintaining  or  altering  your  values  so  that  you'will  conserve  energy, 

B,  Become  familiar  with  the  history  of  public  transportation  a^nd  the  termin- 
ology needed  to  read  related  materials  after  participating  in  classroom 
discussion. 

C,  Understand  why  and  how  energy  can  be  conserved  through  public  transporta- 
tion after  reading  Chapter  12,  Energy  Conservation  in  Energy  Technology 
by  Anthony  E,  Schwaller. 

RESOURCES 

Please  listen  to  the  lectures  and  review  the  following  resources. 

Books: 

Energy  Conservation:    Transportation,     U,S,  Dept,  of  Energy,     Technical  Xnfor 
mation  Center:     Oak  Ridge,  TH,  n,d. 

Energy  Technology::  Sources  of  Power,     Schwaller,  Anthony  E,    Worcester,  MA: 
^  Davis  Publications,  Inc,  1980, 

Magazines: 

*Vhat  We're  Already  Doing  to  Save  Energy,**  Changing  Times ,  August  1977, 
U,S,  Department  of  Health.  Education,  and  Welfare , "President *s  Energy  Message 

Additional  resources  on  the  following  pages. 
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ENERGY  CONSERVATION  IN  PUBLIC  TRANSPORTATION 


REFERENCES 

A  Manual  on  User  Benefit  Analysis  of  Highway  and  Bus~Transit  Improvements. 

American  Association  of  State  Highway  and  Transportation  Officials,  1977, 

Capacity  Charts  (Nomograph  and  Procedure).    Leish,  Jack         Traffic  Institute 
Northwestern  University, 

Energy  Impact  Analysis  Resource  Information.    U,S*  DOT,  FHWA,    June  1976, 

Estimating  the  Effects  of  Urban  Travel  Policies.    Charles  River  Associates, 
For  U,S.  DOT,  April  1976, 

Factors  Affecting  Automobile  Fuel  Economy.    U,S,  EPA,  1977, 

Guidelines  to  Reduce  Energy  Consumption  Through  Transportation  Actions,  Voor" 
hees,  Alan  M,  &  Associates,  Inc,  for  U.S,  DOT,  UMTA,  May  1974,  p,  29,  A54- 
A60,  A65, 

Handbook  for  Transportation  System  Management  Planning,  Volume  2,  Handbook 
for  the  Evaluation  of  Individual  Transit-Related  TSM  Actions,    AMV  for 
NCTCOG,  August  1977, 

Highway  Capacity  Manual.    Highway  Research  Board,  Special  Report  87,  1965, 

Lexington  Signal  System  Design  Study,  Technical  Memorandum  #2,  Kimley-Hom 
and  Computran,  Inc,  for  Kentucky  DOT  and  Lexington-Fayette  Urban  County 
Government ,    June  1 978 ,  p ,  13, 

Mobile  Source  Emission  Factors,     (For  Low  Altitude  Areas  Only*)  U,S,  EPA, 
March  1978,  Appendix  F, 

NCHR?  Report  187.    Quick-Response  Urban  Travel  Estimation  Techniques  and  Trans- 
ferable Parameters:     User's  Guide,     TRB,  1978, 

Procedure  for  Estimating  Highway  User  C6sts,  Fuel  Consumption,  and  Air  Pollu- 
tion,    U,S,  DOT/FHWA,  March  1980, 

Special  Report  125:    Parking  Principles,    HRB,  1971,  p,  15-16, 

^^^^ 

Trans-Urbai  Computer  Model  (OPGAS) ,     Bloom,  Kent,     For  U,S,  DOT/FHWA,  April 
1973, 

Traffic  Assigrmient  Manual.     U,  S-  Dept,  of  Commerce-     June  1964,  p-  V-13,  Figure 
V-9. 

Traffic  Engineering  Handbook,     Institute  of  Traffic  Engineers,  1965,  p*  413- 
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ENERGY  CONSERVATION  IN  PUBLIC  TRANSPORTATION 
REFERENCES  (Continued) 


Traffic  Engineering:    Theory  and  Practice,     Pignataro,  Louis  J*     1973,  p*  106- 
107, 

Traffic  Engineering.  ITE*  April  1975*  "Application  of  RUNCOST  for  Evaluation 
of  a  Hybrid  Traffic  Control  System,"  Howard  R-  Chapman  and  J*  Edwin  Clark, 
P.E,,  p.  36-45, 

Transportation  Energy  Efficiency  Manual  (TEEm)*    Kimley-Horn  and  Associates, 
Inc,    For  the  Florida  Governor's  Energy  Office,  March  1981, 

Transportation  Research  Record  546.    Regional  Bus  Transportation,    TRB,  1975* 
"Public  Transit  Right-of-Way* "    Bakker,  Dr*  J*J*    p,  13-2K 

Transportation  Research  Record  630.    Evaulation  of  Transportation  Operational 
~      Improvements.    TRB,  1977*     "Methodology  for  Evaluating  Bus  Activated  Sig- 
nals,"    Seward,  Samuel  R-  and  Robert  N*  Taube,    p,  11-17* 

Transportation  Research  Record  648*    Environmental  and  Conservation  Concerns 
in  Transportation:    Energy,  Noise,  and  Air  Quality*    TRB,"  1977*  "Develop- 
ment of  Criteria  for  Resezrving  Exclusive  Bus  Lanes*"    Miesse,  C*C*  p*  66- 
70, 

Transportation  Research  Record  663*     Recent  Developments  in  Bus  Transportation* 
TRB,  1978*     "The  Santa  Monic  Freeway  Diamond  Lanes:    EvaluatioTi  Overview," 
Billheimer,  John  W*  p*  8-16* 

Transportation  System  Management:    An  Assessment  of  Impacts.    Alan  M*  Voorhees 
£t  Associates,  Inc*  forU,S,  DOT,  UMTA,    November  1978,  p*  61,  105-125,  57* 

Transportation  System  Management*    Special  Report  172*    National  Academy  of 
Sciences,  1977,  p*  76,  63,  and  47* 

Transportation  and  Traffic  Engineering  Handbook*    ITS,  1976  *  p*  121-137  * 


Travel  Estimation  Procedures  for  Quick  Response  to  Urban  Policy  Issues*  NCHRP 
Report  186*    For  Transportation  Research  Board*    COmSIS  Corporation,  1978* 

Traveler  Response  to  Transportation  System  Changes*    A  Handbook  for  Transporta- 
tion  Planners*     Pratt,  Richard  H* ,  et  al.     For  U*S*  DOT/FHWA.  February 
1977* 

TSM  —  An  Assessment  of  Impacts*    Wagner  and  Gilbert*    For  U*S*  DOT,  November 
1978* 

Transportation  System  Management  —  State-of-the-Art*     INTERPLAN  Corp*  for  U,S* 
DOT*    February  1977,  ^ 
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ENERGY  COKSERVATIOK  IK  PUBLIC  TRAKSPORTATION 
REFERENCES  (Continued) 

User*s    Manual  (TSm)  ~  Energy  Conservation  Through  Transportation  Systems  Man* 
agement  Actions^    KlmleyHorn  and  Associates /John  Hamburg  and  Associates » 
for  KYDOT,    February  1981, 

Which  Mode  Saves  the  Most  Energy?    Civil  Engineering,    ASCE.     September  1978* 


AS3 

/.A7 


ACTIVITY 


A,     Discuss  Che  following  question: 

What  values  are  at  stake  when  a  society  is  asked  to  conserve  enert;y? 
B-     State  both  short-term  and  long-term  impacts  upon  these  values,  * 

C,  Read  any  materials  which  depict  the  history  of  public  transportation, 

D,  Study  the  glossary  of  materials;     (l)  Listed  under  resources  and  (2) 
portraying  the  history  of  public  transportation. 

£.     Study  technical  terms  which  you  cannot  define  or  do  not  understand.  Please 
consult  your  instructor, 

F,    Read  the  references  listed  under  resources,  which  relate  conservation 
to  public  transportation. 


FEEDBACK 

Objective  A*C  Check: 

Your  reading  discussion  should  have  depicted  the  great  amount  of  energy 
being  consumed  in  the  public  transportation  sector  of  society.    The  degree  to 
_which  conservation  measures  are  considered  will  directly  influence  the  number 
of  problems  that  the  United  States  faces  in  its  future  use  of  energy. 
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Graph  Chart  IP-1,  1-1 


22JST 


SPEED  REDUCED  TO  AND  RETURNED  FROM-MPH 

Additional  fuet  consumption  of  vehicular  speed  changes  above  consumplion  of 
conttnuMiy  a1  unirorm  speed  <for  light-duty  vehicles). 


Graph  Chart  IP*1 ,  1-2 


INTERRELATIONSHIPS 
BETWEEN  "SUPPLY** 
AND  DEMAND 


Short-Term  Energy  Effects  of  Transportation  System 
improvements. 


LongTemi  Energy  Effects  of  TransporlatJon  System 
Improvements. 


Graph  Chart  IP-1 ,  1-3 


SUPPLY'DEMAND 
GRAPHS 
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Graph  Chart  IP-1,  1-4 


SUPPLY-DEMAND 
GRAPHS 


PRIORITY  TREATMENTS 
FOR  HIGH  OCCUPANCY 
VEHICLES 


HOV-Priority.  Add  Lanes  > 

Travel  Oemand(VMT  pet  Houf) 

Supply-Demand  EHects  of  HOV 
Priority  Treatments 


472 


493 


Graph  Chart  IP-1 ,  1-5 


vUPPLY-DEMAND 
GRAPHS 


ALTERNATIVE  WORK 
SCHEDULES 
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Graph  Chart  IP-1 ,  1-6 


ESTABLISHING  PRIORITIES  FOR  IMPLEMENTATION 
OF  VARIOUS  TRANSPORTATION  SYSTEM  MANAGEMENT  IMPROVEMENTS 

Comparative  Evaluation  (Us  inR  one  or  more  of  the  foliowing*) 


Measure  of                                    Qualitative  Quantitative  or 

Evaluation    Evaluation  Qualitative  Values* 


A-  Potential  for  1,  HigWy  promising  10 

Energy  Savings  2,  Promising  7 

3*  Minimal  3 
Potentially  negative  1 
5,  Negative  0 

B-  Level  of  Implementation  1,  Very  low  <  10.0 

Cost  2,  Low  7,8 

3-   Medium  5,5 

U,  High  3,2 

5-  Very  high  1-0 

C-  Level  of  Local  1,  0%  local  10-0 

Funding  Required  2-   1-25%  local  8,8 

3,  26-50%  local  6,2 

Af,  51-75%  local  3-8 

5,  76-100%  local  1-2 

D-  Level  of  Technical  1,  In  house  10-0 

Expertise  Required  2-  Other  local  7-8 

3,  Some  DOT  5-5 

U,  Extensive  DOT  ,  3-2 

5-  Outside  expert  1,0 

E,  Level  of  Population  1,  Very  high  10-0 

Impacted  2,  High  7-8 

3-  Medium  5,5 

<f.  Low  3-2 

5-  Very  low  1,0 


♦Value  10-0  represents  the  ^'best"  condition  for  a  local  area. 


From  the  above,  or  some  locally  determined  variation  of  the  above,  relative  values 
can  be  estimated  to  rank  any  number  of  transportation  system  improvements-  This 
ranking  will  allow  local  areas  to  establish  priorities  and  justification  for 
improvements  and  to  better  select  improvements  for  implementation. 
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ENERGY  CONSERVATION  IN  PUBLIC  TRANSPORTATION 


IP-2. 


Conserving  Fuel  by  Weight  Reduction 


OBJECTIVE 


Upon  Complecion  of  cbis  ins-cructional  package^  you  vill  be  able  co: 

A*     Sbov  bov  weigbt  reduction  on  vebicles  les^^ens  energy  consumption  after 
studying  tbe  resources  provided  belov. 


Books: 

College  Pbysics.    Miller,  Franklin,    Nev  York:    Hare our t ,  Brace,  and  World, 
Inc.  ,  1967. 

Energy  Tec bnology_ Sources  of  Power.    Scbwaller,  Antbony  E*    Worcester,  MA: 
Davis  Publications,  Inc.,  1980* 

Materials  Needed: 

Two  (2)  automobiles  of  tbe  same  make,  model,  engine  size-,    etc.,  and  gasoline. 


RESOURCES 
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ACTIVITY 


A*     Put  equal  amounts  of  fuel  in  each  vehicle*     Place  1000  lbs.  (including 
the  driver)  in  one  vehicle  and  200  lbs*   (including  the  driver)  in  the 
other*     Drive  each  car  at  the  same  speed  and  over  the  same  highway* 
Record  the  mileage  for  each  vehicle* 

B-     Analyze  the  data  and  report  your  findings  (in  written  form)  as  they  re- 
late to  conserving  by  reducing  vehiclular  weight, 


FEEDBACK 

Objective  A  Check: 

Your  findings  should  have  indicated  that  excess  weight  in  public  trans' 
portation  wastes  fuel. 
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ENERGY  CONSERVATION  IN  PUBLIC  TRANSPORTATION 


IP-3,        The  Effort  of  Lower  Speed  Limit  on  Energy  Conservation  in  the  Public 
Transportation  Sector 

OBJECTIVE 

Upon  completion  of  this  instructional  package,  you  will  be  able  to: 

A<     Demonstrate  how  the  average  passenger  car  conserves   more  energy  at  55  mph 
than  a  vehicle  at  65  mph  when  given  the  resources  provided  below, 

RESOURCES 
Books : 

Automobile  Mechanics^  W,H,  Crouse,  NY:  McGraw-Hill  Book  Company,  1970, 
College  Physics,  F,  Miller,  NY:  Harcourt,  Brace  and  World,  Inc, ,  1967, 
Additional  Resources: 

Materials  and  Person  needed:    Policeman,  Police  car,  Gasoline, 
Information  on  Driver  Efficiency  Program,  lP-3j  1-1  through  1-38, 
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ACTIVITY 


A<     Have  ^  policetnan  drive  (after  the  engine  has  normalized)  as  far 

as  one  quart  of  fuel  will  allow  him  at  55  mph*    Then  have.him  drive 
as  far  as  on«  quart  of  fuel  will  allow  him       65  mph< 

B<     Analyze  the  data  and  report  your  findings  as  they  relate  to  conserva-" 
tion  by  lowering  speed  from  55  mph  to  65  mph* 


FEEDBACVC 

Objective  A  Check: 

Your  findings  from  Activities  A  and  B  should  have  indicated  ^hat  a  vehicle 
is  more  efficient       55  mph  than  at  65  mph* 


\ 


Informacion  IP-3,  1-1 


RESOURCE  MATERIALS 
DRIVER  EFFICIENCY  PROGRAM 


Please  send  me  the  following: 
Film 

  "Running  on  Empty"  (30  minutes) 

  Short  Term  Loan  from  DOE  Library  (Free) 

or 

You  may  order  the  film  from: 

Capitol  Film  Laboratories,  Inc. 
470  E  Street,  SW 
Washington,  DC  20024 
(202)  347-1717 

Slide  Show:    Driver  Efficiency 

  Loan  copy  of  slide  show  with  written  narration 

  Loan  copy  of  slide  show  with  taped  narration 


Free  Pamphlets:    Please  note  the  quantity  desired: 

  "How  to  Save  Gasoline  and  Money" 

  "1980  Gas  Mileage.  Guide" 

  "Gas  Savers  Kit/* only  a  single  copy  is  available 

  "Driver  Efficiency  Newsletter* (published  quarterly) 


NOTE:        All  the  DOE  materials  may  be  reproduced,  copied,  and  modified  freely 
if  they  are  redistributed  without  profit. 
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Information  IP*-3  ^  1-2 


0?TTO>^AL  EQUIPMENT  (continued) 


axoR  c^ssETrE  vi  deo  T;Npe 

RECORDER/PLAYER 


COLOR  T^^  mUTOR 


Good  qiiality,  he3\y  duty  1/2  inch  or  5/4  indi 
color  cassette  VTR  player^     Orie  color  cassette 
\TR/playor  per  pi"ogram. 

Good  quality  19"  color  T/  nionitor  or  TV^  set 
\dth  adaptor  for  cassette  ^/TR/pl^iyer.  5houj.d 
have  head  i?et  (ear  p};oncJ  adaptor*     Size  of 
Tuoiiitor  may  vary  depending  on  condition  and 
use  of  inonitor*     One  color  TV  monitor  per  prGgraJ^u 


5M  SOUND -ON' SLIDE  PROJECTOR     At  leait  one      Sound -on -Slide  Projector  my  bo 

needed  if  the  individualized  program  fonnat  is 
selected,     .An  alternate  to  the  sound- oii -slide 
system  is  the  35  mm  slide  projector  and  cas:Letce 
^  tape  recorder /player  combination, 

H£^i  SETS  (EAR  PHa\T:S)  Good  quality  head  sets  that  are  compatible  with 

the  16  r;cn  film  projector,  35  im  slide  projector, 
cassette  tape  recorder /player*  TV  irionitor  and  S4 
sound -on -slide  projector*     Adaptors  my  be 
needed  to  matcli  the  above  available  equipmaat* 
The  number  of  head  sets  needed  iy  dependent  on  the 
equipment  available.     At  least  one  head  set 
should  be  available  for  each  piece  of  equipment* 
Head  sets  vdll  probably  be  needed  only  if  ihe 
individualized  program  fornat  is  selected- 


^!A1BRIALS 


CRIVEC  Slide  Series 


RL^'r^G  ax  EMPTY  film 


35  nun  slides  dealing  with  different  areas  ot  fuel 
efficient  driving  (approximately  225  slides) . 
Arailable  from: 

Center  for  Safety  and  Driver  Education 
Appalachian  State  University 
Boone,  North  Carolina  28608 
(704)  262-3143 

16  mm  sound,  color  film  dealing  with  fuel  efficient 
driving  techniques.   Available  from: 


Capitol  Films 
470  East  Southvv*est 
Washington,  IK;  20024 
(202)  5-17-1717 
(800)  424-51S8 
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MATi;RtM5  (continjed) 


"16  Steps  to  Conserve  Energy  on  K.C.  iiighhavs"  --  North  Carolina  Ener;;y  Dj.\dsio:i 
P.O.  Box  25249,  Raleigh,  .NC  27611 

"Eleven  Simple  Ways  to  pet  the  nwst  out  of  tUe  gas  you  buy"  --  Gulf  Oil 
Corporation,  1023  Connecticut  Avenue,  NW  v;a?hinston,  DC  20036 


Shell  .-Vnswer  Book  ^  1 
#  3 

^  a. 

3  5 
^  6 
S  8 
^14 
f?17 
#18 
#19 
#23 
#24 


Hie  Earl)'  Warning  Book 

The  Gasoline  Mileage  Book 

The  Car  Buvin^  £  Selling  Book 

nie  100,000  Mile  Book 

The  Rush  Hour  Book 

The  Car  Repair  Siopping  i<o6k 

The  Driving  Skills  Book 

The  Self  Service  Book 

The  Tune-Up  Book 

The  Gasoline  Book 

The  How  Your  Car  Works  Book 

The  ^tore  :-'iiles  for  Your  >ioney  Book 


Shell  .%isitfer  Books,  P.O.  Box  61609,  Houston,  Texas  77208 

•Tton't  be  an  energ)"-  hog  -  A  primer  on  saving  fuel w. and  saving  money" 
Mobil  Oil  Coi-poration,  150  i-ist  42  Street,  New  York,  N.Y.  10017 

"Gas  Watchers  Guide'-  --  American  Automobile  Association,  8111  Gatehouse  Road, 
Falls  Oiurch,  VA  20047 

"Shopping  for  that  Fuel  Econonry  Car"  --  Public  Affairs  Committee,  Society  of 
.%toniotive  Engineers,  Inc.  400  Commomvealth  Dri\'e,  Vrarrendale,  Pennsylvania  1509| 

••Energy  Conservation  in  Transportation"  —Programs  of  the  U.S.  Department  of 
Transportation,  Washington,  DC  20590 

ASOITIO.'^U  .ADDRESSES  FOR  EQUIH^Err  g  MAIIERIALS 

Featherfoot  -  .American  Institute  of  Driving  Efficiency,  S92  Rice  Street, 
St.  Paul,  Minn.  55117 

Floscan  Instruments  Co.,  5016  N.E.  Blakely,  Seattle,  WA  98105 
(206)  524-6625 

Halda  Tripmster,  Vilem  B.  Kaan  Inc.,  7531  Coldi>.'ater  Cam*on,  North  MoUwood 
CA  91605  C213)  982-1050  ^  .  , 

Marshall  Toim,  Vacuum  Gauge,  ;-fershall  To-u-n.  lA  (513)  752-9293 

>titt  Marshall  ?  Conpany,  Route  7,  Box  170,  Gi'eensboro,  NC  27407 
(919)  292-S477 
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MVIERIAlS  Ccontinued) 


WHO  CA1<ES?  fiLn 


TIFE  DKI\^  FOR  COnSER^'ATION 
Sound  filmstrip 


"FEAHERFOCrr'  l>roj§[rain 


YOUR  DRI\'EC  OR  CARE  RECX)RD 
BOOKLET**^ 


Fuel  efficient  driving  techniques  ^riLth  einphasi? 
on  the  operation  of  school  buses.     Available  fi'oni: 


Visucom  Productions ^  Inc. 
P.O.  Box  5472 

Red^vood  Citv%  California  94063 
C415)  364-5366 


A  part  of  the  Atlantic  Richfield  Co.  "The  Drive 
for  Conservation'*  Educational  Program.  Tne 
filmstrip  deals  i^ith  fuel  efficient  driving 
techniques.     llie  prooram  also  includes  a  "Driver 
Education  Booklet"  and  a  one  page  "tip  sheet"  on 
fuel  efficient  driving.     Available  from: 

Atlantic  Richfield  Co.  ftC-  A^T'^^^i 

Public  Affairs ,  Room  1619 
P.O.  Box  2679  TermnrJ  Annex 
Los  Angeles,  California  90061 

A  program  dealing  with  fuel  efficient  driving 
techniques.     Tlie  program  includes:  a  16  inm  filni, 
infoimation  sheets  on  driving  ef£icienc>*  factors, 
a  ^'Driving  Efficiency  Quotient"  tost,  a  '*Dial 
your  MPG"  card,  and  a  MPG  Record  for  your  vehicle. 

A  booklet  that  can  help  a  person  keep  a  more 
accurate  account  of  the  operational  costs  of  the 
vehicle.     Available  from: 


Assorted  paii?>hlets  dealing  ^vith  fuel  efficient  driving*** 

"Coumon  Sense  in  Buying  a  Kew  Car"      Office  of  Public  and  Consun^r  Affairs, 
U.S.  Department  of  Transportation,  Washington,  DC  20590 

"Hoiv  to  Save  Gasoline, .  .and  Money"      U.S-  Departiaent  of  Energ}^,  Office  of 
Public  Affairs,  Washington,  DC  20585 

'Unleaded  Gas--,The  tv^y  To  Go'*      U,S,  Environmental  Protection  Agency, 
Washington,  DC  20460 

'The  Road  to  Ccmservation"      The  Drive  for  Conservation,  P.O.  Box  30181, 
Los  Angeles,  California  90030 


"^^Matorials  that  <;hould  be  given  to  students  taking  the  D^IVEC  Training;  Prop'ai': 
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ADD  UP  YOUR  SAVINGS.  ST«:»      <?Tr=.  r^^i'  ON  A^tcr  GALLOM. 
TANKFUL  AFTER  T.-'i:-;?Ui.;  Y£aR  AfT5R  VEAH 


Ifyou  lakeaM 
ol  the  st^^ps  in 
(h»S  column 

lt*s  The  same  as  saving  atout  this 
much  on  each  gallon  of  gasohne' 

H  gas 
Cost  SI. 20 

How  to  Drive  More  Etftciently 

Warm  engine  correctly 

Drive  at  a  moderate  speed 

Accelerate  briskly  and  steadiiv 

Anticipate  wnat^s  ahead— ieave  t>utter  around  your  car 

Flow  smoothly  Through  traUic 

attocther. 

How  to  Plan  Your  Trips 

Rideshare  to  vvork  with  a  *riend 
Plan  famj'y  errands 
combine  ir^os 

use  !he  leieohone  and  mail 
fide  with  others                            .  , 
Plan  social  and  recreaiiorai  trrps 
comb»ne  trips 

rideshare     

  altogether. 

 altogether.  3C 

How  to  Care  for  Your  Car 

inflate  tfres  to  highest  recommended  pressure 

Select  high-miieage  oil 

Get  tune-up  and  adjustments  when  needed  j 

3C 
3C 

How  to  Choose  Your  Next  Car  and  Tire 

Buy  radial  tires  3^ 
Replace  your  present  car  with  another  that  gets  10  mpg  more  -  - 

than  your  present  one  .  21C 


You  can  save;  56<^ 


*These  savings  are  slighTiy  sr^ailer  than  the  individual  figures  given  in  the  text  because  each  amount  shown 
here  is  based  on  tne  assumpiion  that  you  taKe  aii  of  ihe  steps. 

SOURCE;  Tran^ponatioa  Programs,  Conscnaiion.and  Solar  Applttnitions,  U.S.  Depanmcm  of  Energy, 
Washirigion,  D.C.  205^5. 
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The  Rocd  to  Ccr.^ervation  -  Atlantic  Richfield  Cct^ipany 
A  very  good  attraetiv^  booklet,  easy  to  und^ritand  and  summarized. 
It  covers  every  rip  to  use"  tavard  <;etting  better  gasoline  perforaance_ 
This  would  be  a  very  useful  book  to  have  in  bulk  so  that  your  students  coulci 
benefit  and  put  to  practic*:  these  suggestions  to  see  how  they  work. 
Summary 

Excellent,  havever,  on. a  personal  note  I  was  upset  v^hen  I  attended  2 

session  v/ith  an  APXO  representative.     I  asked  to  test  hirn  about  ARCG'5 

involverent  with  ADTSEA  2nd  he  said  that  he  wasn't  aware  of  any  involve.Tent 

and  said,  "littln  if  any".     $0  I  wonder  how  they  looked  upon  our  assistance. 

I  kno*^  in  the  filratrip  it  has  a  frame  of  oun  erjblem  but  tn  the  slide  shcv^ 

at  South  Dakota  there  v/as  no  rention  of  our  assistance  or  in  the  booklet 

anywhere.     I  was  told  of  our  involverent  tlirough  Mr.  O.B.  Angelo  Crov:e, 

and  Or.  Donald  Sn:ith  present  presiient.     If  v;e  deserve  recognition  then 

I'd  like  to  see  that  we  get  it  as  a  matter  of  public  relations  with  the 

public. 

Contact 

Atlantic  Richfield  Coraany 

515  South  Flower  Street 

Los  Mgeles,  California  90071 
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Champion  Spark  Plug  Literature 

17.    1.  Champion  Ten  step  tun-up  guide 

2.  Used  plugs  teVj  a  story  +  poster  +  diart 

3.  Champions  guice  to  an  easy  car  tune-up 

4.  Tlant  tcjr 

5.  Constructive  features  of  tr.^  sp^rk  plug  in  post  fonr; 

6.  Autonx3ti\*3  service  iT*anual 

7.  Engine  ti;ne-jp  chart 

8.  Master  application  catalog 

1.  Short  easy  tips  on  how  to  perfcrnj  a  simple  tune-up  or  hw  one  is 
perfomed.     The  ten  steps  are  as  follows: 

1.  Remove  the  air  cleaner 

2.  Remove  tha  spark  plugs 

3.  Make  a  cylinder  compression  check 

4.  Check  the  distributor  cap  and  rotar 

5.  Reniove  the  ignition  parts 

6.  If  you  adjust  your  points  vjith  a  tech/dvell  tester 

7.  Gapping  cjid  installing  cha:npion  spark  plugs 

8.  Adjust  timing 

9.  Adjust  the  carburetor 
10.  Wrapping  up. 

This  pamphlet  gives  step  by  step  prc^cedures* 

Summary 

Excellent 

2.  A  sticker  that  can  go  in  an  area  vfhere  you  work  on  your  car  which  gives  a 
description  for  various  problems  in  plugs,  very  helpful  to  the  beginning 
mechanic.     Also  a  larger  poster  of  the  same  and  a  chart  which  helps  i'Ou 
diagnose  and  apply  a  solution. 

Summary 

Excellent 

3.  This  guide  is  equipped  with  all  the  tools  ^  .information ,  and  cheirts  you 
will  need  In  orda  ^  to  perfonn  your  cv,Ti  tune-up.     Illustrations  mako  it  easy 
to  iinderstand  end  allcv:  you  to  save  rotv^y  on  labor  cost. 

Ve^y  good  . 
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9_ 

4,     This  IS  a  booklet  of  their  pUnz  Iccated  in  Toledo/[)etroit  ond  tells 
of  the  different  cssar^bly  areas  and  departr.ents*     Iz  gives  you  a  good  idsa 
of  how  inuch  trouble  cha:n?ion  goes  through  to  produce  one  plug* 
Surra^ry 

Informative 

5*     This  poster  consists  of  the  construction  features,  basic  conventional 
ignition  system,  and  the  basic  electronic  ignition  system^,     This  gives 
someone  the  fundafi^ntals  of  the  parts  of  these  syster;s  and  an  idea  of  vihere 
they  are  located  and  ;\'hat  thsy  look  like* 

6*     This  service  iTianual  gives  inforrnation  on  spark  plugs,  tune-up  benefits 
relations  to  ignition  systerrrs,  analy$is  of  plugs  and  a  more  detailed  idea  o' 
how  to  perform  a  tune-up  and  what  to  look  out  for,  and  the  equiprnent  that 
is    available  through  your  cna^pion  wholesaler^ 
Sufnmary 

Tells  everything  except  the  cosx  of  equipment* 
7*     This  tune-up  chart  allows  you  to  find  the  car  you're  working  on  by 
make/modal/year/engine  size  and  other  serviceable  information* 
Surnrna  ry 

Not  too  sirnple  for  the  conrnon  person* 
8*     This  is  a  sirrple  diart  v/ith  abbreviations  explained  at  the  beginning 
of  the  book*     It  allows  you  to  find  your  car  and  explains  the  proper  gap, 
size  plug,  for  the  appropriate  car  and  size  engine, 
Sur^n:arv 

Sinipler  zh£n  7* 
Contact 

 213 

Tojedo,  Ohi o  ^SJrl 
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REVIEW  OF  RESOURCES  I!!  T  ^ 

Via  Dr.  Frank  Brouillet  -  Bill  F.  HibUr 
Superintend'Snt  of  Public  Instruction 
Olympian  WashingtCii  9S504 

Pamphlets: 

!•    Easy  Ways  to  Cut  Your  Transportation  Coszs! 

This  small  card  gives  excellent  tips  to  help  you  stretch  your 
gasoline  dollars.     Proper  tuning^  correct  tire  pressure,  bad  driving  habii 
planning  ahead,  less  stops  and  gas»  and  driving  as  little  as. possible* 
Sur^Il^ry 

Excellent  -  If  it  were  smaller^  it  could  be  carried  with  you, 
Z.    Don't  Be  Fuelish  -  30  tips  for  the  niotcnst  to  use  in  everyday  driving 
and  in  buying  nev*  cars. 
Sunmarv 

Excellent  for  a  discussion  eniphasis. 
3,    1978  Gas  Mileage  Guide  -  Same  as  1980  guide  with  cars,  sizes^  rnodels, 
miles  per  gallon  engine  size. 
Summary 

Useful  in  comparing  gas  econoTqy  cars  and  in  buying  them. 
4-    The  Autcynobile  -  It's  Orivinq  Us  to  Think  -  Very  useful  with  a 
questioFjnaire  ircluded  for  feedback  on  the  booklet  and  of  transpcrtcticr.  or 
the  future. 

Su?^^  ^ry 

Excellent  -  it  gives  you  the  feeling  that  you  can  have  an  active 
part  In  iirproylncj  cur  transportation  in  the  future. 
Cont:ict 


1.    l-'ash'ngton  5^tat-:j  Eneray  Office  2.    Eneray  Con^erv^r 


■;r,..,ch  Cff;--  -  Z05-^y4-3c-J.:) 
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2, 


3,  Single  copif^s:    Fuel  Eccnor.y 

Pueblo*  Colorado  S1009 

Bulk  copies:       US  Department  of  Ener^/ 
Fuel  Sconorry  D1s;r';D:.t"=cn 
Office  of  Adninisirccive  Services 
Washington*  DC  205^:5 

4,  Congress  of  the  United  States 
Office  of  Technology  Assessr^ent 
Washington  >  DC  20510 


0 
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BRIEF  R£VI£;;  CF  KSqTXrS 

1.  55  -  Some  Touch  At^gutrents  -%bo\:t  Trucks  and  the  li^Sl 

2.  55  mph  -  Ths  Texas  55  n?h  Safer  ni5hwa>'3  Ca-paign 

3.  55  mph  -  Saves  lives,  gcsoline,  and  ?::oney 

4.  55  saves 

Texas  Safety  Association  2,  3,  4 

1.  This  parriphlet  gives  an  argutrent  for  the  rising  of  the  55  niph,  and 
responses  to  their  agurents  by  the  Departnsnt  of  Transportation,     It  seems 
truckers  are  tlie  largest  advocaters  of  the  55  mph  law  and  the  Departi:;ent 
shovirs  them  facts  behind  their  responses  for  those  v/ho  vnsh  to  arguec 
Surnmary 

Very  informative  (what  does  NMSL  stand  for) 

2.  Texas  gives  information  and  facts  to  support  the  55  mph  lav/  and  shews 
records  and  graphs  to  prove  that  55  is  better  then  70, 

Summary 

I  wish  their  address  was  available  on  the  pamphlet.     Very  good  and 
other  state  associations  should  folia-/  suit* 

3.  Very  much  the  same  information  with  a  more  impressive  front  cover. 
Summary  as  befo-^. 

4*   This  gives  the  person  a  chance  to  measure  their  present  gas  mileage 
and  compare  and  gives  an  easy  formula  as  well  as  facts. 
Summary  ■ 

Very  much  like  the  one  offered  by  HUFSM 

Contact 

Texas  Safety  Associotion 
Texas  Office  of  Traffic  Safety 

State  Gepartmc-nt  of  Highway  and  ?ublic  Transportation 
AtiStin,  Te  sas  73701 
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REVIEW  GF  R£SOUf;C£  ':;TcRI;LS  lli  BkIlF 

Kit  -  Gas  Savers  -  Departncnt  of  Energy 

This  would  be  an  e>:cellent  progran  to  encourage  State  Driver  Educatior^ 
Associations  to  get  involved  v/ith.     The  Kit  consits  of  many  suggestions 
on  such  topics  as  Routes  to  Fuel  Economy,  Planning  Techniques,  Dri ving 
Ski  lis,  Vehi  cle  Selection  .  and  Maintenance,     The  Kit  also  includes  an 
excellent  booklet  entitled  Vanpool  Iniplen:entation  Handbook,  which  sha-js 
someone  the  adva.'^tsges  of  van-pooling  and  ho;/  to  go  about  constructing  a 
program  of  their  o:vn.     It  also  has  a  program  of  teach-ins  which  for  this 
year  are  niostly  on  the  western  portion  of  the  United  States.     On  the  blue- 
sheet  which  descr^*fces  this  progran  is  an  address  where  possibly  could  be 
made  suggestions  of  future  localities  for  1981. 

Other  guides  include  1980  Gas  Mileage  Guide  v;nich  tells  by  cars  size^ 
model,  and  make^  estimated  miles  per  gallon,  average  annual  fuel  cost, 
engine,  transmission,  fuel  system,  and  body  type.     Useful  to  those  thinkin 
of  buyino  a  car.     Also  a  small  brochure  on  vanpooling,  and  another  on 
Hav  to  Save  Gasoline. .  .and  mon^,  and  a  bumper  sticker  as  well.  Also 
included  Is  a  Kit  v/hich  can  be  used  over  and  over  again  with  reminders  for 
under  the  hood  checks,  put  in  places  to  remind  you* 

I  find  the  Kit  very  useful  and  would  like  to  see  it  put  to  use.  In 
the  Vanpool  Implementation  Handbook  are  personnel  listed  by  state^  as  to 
whon  to  contact  for  help.     North  Carolina  has  no  one  listed  yet. 

Contact 

Cvrthia  r^c.^uchl^n  .  ^ 
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Get  More  r-ilssQun  Per  Gallon 

Money  Saving  tips  ror  ;'1ssouri  motorists 

With  interesting  illustrations  this  parriphlet  would  appeal  to  almost 

everyone.     Charts  and  graphs  show  hov;  you  can  ccxpute  your  a^;n  mileage, 

and  apply  sorr^e  of  the  tips  that  are  available  such  as  proper  tire 

inflation.     With  this  style  of  presentation,  there  would  be  few  people 

who  VN^ould  stop  reading  this  pamphlet  once  they  started. 

SuiHTiary 

Excellent  way  to  put  a  point  across. 
Contact 

Missouri  Oapartment  of  Natural  Resources 
Box  1309 

Jefferson  City,  Missouri  65102 
VSOO-332-0717 
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Sor;e  useful  faci^  on  energy  -  Gulf  Oil  CoiT^orution  -  January*  19S0 

This  colorful  booklet  consists  of  areas  in  energy,  petroleun,  natural 
coal,  nuclear,  transportation,  and  fihanci  al ,  uses ,  and  charts  and  gr?.phs^  b:; 
it  needs  to  be  available  at  the  service  stations  to  gat  to  the  public. 
Summary 

Good 
contact 

Persons  in  our  area  are  available  in  the  rear  of  the  booklet 

Michael  M,  Kumpf  OR  Keith  F.  .^^nderson 

Gulf  Oil  Corporation  Gulf  Ci"i  Corporation 

P,0.  Box  72  45  P.O*  Box  989 

Station  C  <  florgantmvi^*,  WV  26505 

Atlanta,  Georgia  30357 

304-296-4179 

404-897-7738 

Also  included  is  a  pamphlet,  eleven  sinple  ways  to  get  the  n:c$t  out 

of  the  gas  you  buy.     This  would  be  very  useful  if  it  were  openly  available 

in  service  stations  and  advertised.     Also  included  is  a  reprint  frcin 

Petroleum  Today  1973/tv;o  entitled  That  Amazing  Maze  A  Refinery  by  W.  Harrison 

Brewer  expl.^ins  a  simple  and  comical  sense  in  explaining  how  fuel  is  mace 

froir;  crude  oil.     Included  are  also  two  issues  of  Gulf  Dealer  ^^el^'S  a 

magazine  for  dealers  March-April  issue  and  May-June  issue  explaining  the  nevj 

Gulf  super  unleaded  9^s.oline. 

Contact 

GiiU  D-  cler  >:yjs 
P.O.  ::o:<  1563 
Hous^^  n,  Texes  77001 

for  £ulf  D.^alers  Magazine 
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BRIEF  'r::VI" 


How  to  save  gasoline. and  ironay 

Along  the  line  of  the  brochure  prod'jced  by  the  Departr^inc  cf 
EducatiOT  with  fuel  conserving  tips  <;nd  ride  sharing  as  well  as  lav  cost 
care  of  your  car,     Suggestiwi  of  "Running  on  Enpty"*  film  froni  the 
USDCE  and  they  at  the  Ohio  Departr:ent  have  a  toll  free  nuntier  for 
informatiwi  on  all  forms  of  energy  -  VSOO-282-9234 
Summary 

Same  as  DOt's  version 
free  loan  films 

Contact 

Ohio  Departrcnt  of  Energy 
30  E.  Broad  Street 
Columbus ,  Ohio  43215 


ERIC 


514 


493 


Information  %P-3,  1-16 


Don't  Re  A,o  Enercy  Hcc 

a  pnnitJr  cn  saving  Tuel.*..anc!  saving  nioney 

f^iobil  Oil  Corporaticn 

This  booklet  instantly  by  the  illustration  on  the  outside  gives 

you  an  idea  of  v:hdt  this  bo<;klet  U  all  about*     Included  insicte  are 

12  v;^s  to  save  energy  and  they  have  a  picture  with  fin  explanation. 

The  pictures  are  satyrical  and  rather  than  have  captions,  leave  it  up 

to  you  to  decid?  on  how  you  can  avoid  these  unpleasantries. 

Contact 

Mobil  Oil  Corporation 
150  East  4ind  Street 
New  York,  f.'Y  10017 
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Shell  is  a  leader  In  energy  saving  tips  and  is  perhaps  the  nost 
fanous  for  their  24  series.     They  ship  them  free,  at  no  diarge  and  the 
Infonnation  that  can  be  received  can  be  priceless* 

The  Enersi'  Book  Is  In  the  process  of  b*ing  updated  cn  pages  3  and 
and  tells  many  tips  as  v.'ell  as  where  v/tll  our  fuels  come  In  the  future^, 
Suminary 

Shell  will  send  these  matenols  by  boxes  if  requested  as  long  as 

yoc  explain  what  you  need  them  for,  how  many  of  each  and  which  ones* 

Contact 

H*B.  Deviney 
Shell.  Oil  company 
One  Shell  Plaza 
P.O,  Box  2463 
Houston,  Texas  77001 
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16  Steps  Jo  Conser/e  On  Our  Hichv;ays 
North  Carolina  Departrant  of  Public  Instruction's  Division  of  Health, 
Safety,  and  Physical  Education  and  Division  of  Science  Education,  in 
cooperation  with  the  North  Carolina  Department  of  Con::nerce's  Energy 
Divisi  on. 

This  booklet  ts  a  sincere  effort  to  give  you  fact  ba>ed  solutior.s 
to  combat,  the  energy  crisis.     Each  unit  has  a  question  revie",/  over 
what  is  to  be  read  in  each  chapter  and  a  further  study  section  vihich 
allows  you  to  put  these  tips  or  suggestions  into  action.     The  table- 
of  contents  is  valuable  in  finding  Just  v/hct  you  are  looking  for  and 
niustrations  are  good  to  keep  interest.     Abbreviations  are  explained 
at  the  beginning  of  the  booklet  and  references  are  available  at  the  end. 

Summary 

Very  good,  hwever,  more  illustrations  could  be  used  to  encourage 
amuseiTient  along  with  reading. 
Con  tact 

North  Carolina  Department  of  Public  Instruction  Division  of  Health, 
Safety,  and  Physical  Education. 
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1.  Tips  for  Enercv  Savers 

2.  1^30  Gas.  r-ilca^e  Guicfa 

3.  Gas  Savers  (2) 

1.  Tips  for  Enercy  Sr;ar$  :s  for  energy  conservation  for  the  hero 
dealing  with  electrical  i^ppliances  as  ^'sll  -as  on  the  road  means. 
Suiraary 

Tells  of  ways  to  cut  down  on  electrical  cost  and  use  electrical  and 
gusls  of  other  nieans  more  vrisely. 

2.  1980  Gas  Hileace  Guide  -  Review  nujr^ber  1  as  written  before  telling 
car  make,  size,  fue*l  efficients  engine  size,  and  miles  per  gallon. 

3.  Gas  Savers  A  -  Consisting  of  DOE  Facts,  tips  on  routes  to  Fuel 
Econony,  Planning  Techniques,  Driving  Ski  11  s,- Vehicle  Selection,  and 
Maintenance.     Other  areas  of  Hew  to  save  gasoline. ..andxoney,  vanpooling 
and  a  ICit  for  diecking  your  car  properly  for  best  fuel  efficiency  -  not  as 
impressive  as  first  one. 

Gas  Savers  3  -  Energy  Efficiency  -  Routes  to  Fuel  Econono-S 
Voluntary  Truck  and  Bus  Fuel  £conc:iy  Improvement  Program,  Starting  a  Driver 
owned'and  operated  vanpool ,  1980  i^pg  ratings.  How  to  save  gasoline  and  n^oney, 
bumper  sticker  and  Kit  for  checking  fuel  economy  -  very  good,  plenty  of  areas 
are  covered. 

1.    US  Departrrent  of  Energy  2.    Fuel  Econonry  Distnbuticn 

Edixorial  Services,  £5-031  Technical  Inforaation  Center 

Office  of  Puiilic  Affaii^  Department  of  Energy' 

Washington,  X  2C535  P.O.  Sox  62 


Oak  Ridge,  Tennessee  37S33 


3.    Gas  Savers 

US  Deprrt^ent  v"^  Ersrcy 
Conservation  ar.:  tzl^r  A?olic?ticns 
Office  of  7rr.ns'or'^ticn  Frogrw^s 
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You  and  Your  Driv^^g 
Tips  for  siife  driving^  improvint^  driving  skills^  maintaining  ycur 
car^  saving  gasoline.     This  is  Exxon's  atterpt  to  educate  the  public  in 
a  mariner  of  instant  feedback  and  areas  of  interest  end  seasonal  care  of 
t;ie  vehicle.     Students  found  this  boofilet  quite  interesting  and  useful 
in  Our  school  Curriculum- 

Very  good.  I  v/ish  that  it  v/as  available  at  Exxon  Service  Stations* 
Contact 

Published  by  Exxon  Company ^  USA 
Distributed  as  a  Public  Service  By: 

National  fesociation  of  Viomen  Highv:ay  Safety  Leaders^  Inc. 
7206  Robinhood  Orlve^  Upper  Marlboro^  Maryland  2C870 

Mrs  Frank  Umbah  -   Our  contact  from  Waynesboro 

1796  r'sadowdale  Works  with  Georgia  Safety  Council 

Atlanta^  Georgia  30309 
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Factors  Affecting  Autcrotive  Fuel  L'cGno:?iy,  October  1976 
United  States  Enviroi^r^ental  Protection  Agency* 

This  1s  the  third  EPA  report  on  the  subject  of  autcinobne  fuel 
economy.     The  V::o  p^vi0J3  reports  v;2re  published  :n  rJover:ber  1972  and 
October  1973. 

The  previoiis  EPA  reports  have  been  studied  and  ccninented  upon  b,v 
other  govemr^ant  agencies,  the  Congress,  State  and  local  govemrranis, 
private  citizens,  fleet  operators,  motor  vehicle  manufacturers,  and  fuel 
producers*     This  report  is  intended  for  the  sare  broad  audience.  This 
report  contains  new  informaticn  on  emission  controls  and.  tarnpering,  and 
the  average  fuel  sconorrA'  cf  the  1575  cars*     It  also  includes  information 
on  driving  patterns  and  their  effect  on  fuel  eccnorry.     Thus  it  should  aid 
drivers  as  well  as  car  buyers  in  niaking  choices  v/hich  can  affect  their  o^s 
mileage* 
SuTT^nary 

Very  inforriati  ve  with  suggestions  as  to  what  we  can  do  to  help  our 
fuel  and  eniission  problems. 
Contact 

Michael  V;olsh/G>^cory  Dana 

Deputy  Asst  Administrator  for  Mobile  Source  Air  Pollution  Control 
U*S.E.?*A. 

Washington.  DC  20^50 
1-202-755*0596 
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BRIEF  PiVIF"       "rS'"";^Cz  -1 
55"Hov.  to  Live  Vith  It 

by  General  Fred  I).  Vetter,  Jr.  -  July  2>24,  19S0 

I  was  able  to  attend  the  National  Student  Safety  Program  at 
Black  Hills  State  College  in  Separfish,  ScLitfi  Dakota  to  hear  General  Vetier. 
I  found  his  infcnration  shocking,  astonishing,  and  informative  cn  the 
great  advantages  of  the  55  mph  law  and  what  it  has  accomplished  in  the 
years  of  its  enforcerent.     His  pnssentaticn  of  our  theine.  Pledge  55. 
with  what  he  had  to  say,  brought  about  adranatic  response  that  driving 
55  mph  is  the  best  thing  that  we  can  do  to  combat  the  energy  crisis. 
SuTTcnary 

■Excellent  presentation 
contact 

Department  of  Transportation 
National  Higm/ay  Traffic  Safety  Adniinistration 
Washington ,  DC  20530 

or 

Fred  W.  Ve:ter,  Jr. 
Fed/States  Coordinator  55  n:ph 
2201  Fed  Sldg  S-DO  S.  :^e\J  St* 
Dover,  DE  199D1 


ERIC 


500 


521 


In  lo  rr:  2 1  o  X? 


REVIEW  OF  PESOr^rr  :;^T:^:;i  l:t 
The  Hic^v^sy  Fact  Soc?^  -  Highway  Users  Fecieraticn 

This  booklet  gives  an  update  on  ha;  our  transportation  systeni  stacks 
up  nationally.     Viith  twenty-four  different  areas  of  interest,  especially 
on  page  23  entitled  16.    ^'hat  are  the  relative  cost  of'the  vario'js  r,zi^?* 
of  urban  travel?     It  ansv;ers  the  question  that  van^pooling  with  eight 
occupants  would  cost  5.4  cents  per  mile  as  compared  to  an  autcnobile  vnth 
one  occupant  would  cost  37.1  cents  per  mile.     Other  examples  of  the 
twenty-four  topics  are.  What  is  the  role  of  the  Federal  Govemnent  1n 
highway  developnent?.   Hew  are  our  roadways  orc^snized?.  How  has  air  quality 
improved?,  and  many  others. 

Also  includad  In  the  packet  that  was  sent  is  a  pamphlet  on 
Supplementary  Energy  Sources  made  by  the  American  Petroleum  Institute 
which  gives  long  tem^  expensive  solutions  to  our  energy  crunch,  1t  also 
gives  facts  behind  each  solution  of  Coal,  Gas  from  Coal,  Oil  fron  Cccl, 
Oil  Shale,  Tar  Sands,  Geothenrial ,  r^uclear.  Solar,  Tide  and  Ocecn,cind 
Wind  Power. 

.  Also  included  v/as  a  booklet  on  Vanpcol  Cormuting  as  far  as  Heguiator 
and  Legal  fepects,  funded  by  HUFSM  and  published  by  The  National  Center  fo' 
Administrative  Jjstice.     This  booklefc^^spells  cut  the  regulations  end 
proper  legalities  involved  in  vanpoolinc.     Included  In  another  i^cr^'^^'t 
produced  by  the  *^aticnal  Capital  ^rei  Transportation  Fecerciti  irr-  ent*: 
Transncrtcition  Goals  are^speclal  a^"?as  of  erphrs:s  strsssad  by 
r^JeM       lolcschr?iGt,  V-S.  Sec:*etao'  o-"  Transpo^tatior  cn  9-5-7D. 
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Iniomation  l-*24 

such  areas  as,  SsLt^r  Adr^ini  ,itv.:i:  ^r: ,  r->:anc.i:T,  r^rkinj,  Snercy,  Rlcni 
Tum  on  Red,  Traffic  Safety,  Better  and  Safer  Traffic  Flcv,  RscomrT^nddt:  ens , 
and  Suggested  Corrective  InproverienLS ,  which  is  a  program  to:    Increase  Jc::i, 
Boost  Business,  Conserve  Energy,  Reduce  Pollution,  and  increase  Traffic  F"::-.:. 

There  is  also  a  guide  reprint  entltTec:    £5  ?n.p.h.  tvhat  Happened  to 
Speed  Travel,  Accidents  and  Fuel  when  the  riaticn*s  Moxorist  Sla*.'ed  Co".:n.*. 
published  by  HUFS!-!  v;hich  answers  this  question.      Finally  incrjded  are  t.:o 
other  publicaticns  of  KUFSM  -  Facts  on  Vital  Issues  and  Gas-Saving  Do's  tni 
Dont's. 
SuTTHf^ary 

I  find  the  materials  very  informative  and  useful*  especially  the 

Gas-Saving  Do's  and  Don'ts  and  The  Highway  Fact  Book  as  well  as  the 

reprint  What  Happened  to  Speed,  Travel,  Accidents  and  Fuel  When  the 

Nation's  Motorist  Slovved  Oovjn  of  v;hich  I  wish  they  would  make  an  *jpdate 

since  1974. 

Contact 

Bob  Calvin 
HUFSM 

1776  HassachLisetts  Avenue,  Na 
Washington,  DC  23G36 

•  ■  ** 

1-202-  857-^.200 
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In  Cortnnt '.on  1-2^ 


Driver  Educ:iticn  C'jrricuVj"  Gin-i5 
Ohio  Ci.partrin'  or  icjczz:zn 
Divisicn  of  Scnool  Finance 
Driver  Education  Section 

Attractive  outer  cover  with  staze  seal  and  colors.     This  is  an 
excellent  six  lessen  progran^  v;ith  suggestions  and  filn^strip  done  in  a 
truly  professional  rranner.     This  would  aid  the  instructor  on  vjhat  to 
stress  as  far  as  fuel-eccnor^'  and  yet  lets  the  student  see  with  audio- 
visual effects  xhat  fuel  econoiny  is  an  important  factor  in  today's 
world  eccnoTiics,     VJith  self  test  this  program  is  effective  in  instant 
feedback  and  creates  a  learning  experience,  for  the  student, 
Suiitnary 

Excellent  rilmstrip  and  professional  prograpi. 

The  Driver  Education  Enercy  Conservaticn 
Larry  L.  Cathell 

State  of  Ohio  Driver  Education  Section 
Coluirius,  Ohio  43215 


503 

524 


BEST  COPY  mimi 
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Highwc./  Safety  Hio^1i:hts  -  VoK  13  ^ia*  10  June  1930 

This  organization  has  a  nailing  lis^  of  v*hich  I  chi  on  and  this 
particiilcr  ronthly  issue  has  pjblicaticns  for  sale  in  a  various  nurrier  cf 
areas  in  safety*     Such  areas  a  child  restraints,  bicycles,  mopeds,  rnotcrcycles ^ 
energy  crisis  and  hiQnway  safety  r^eter^ial  are  for  sale, 
Summary 

VeT7  usefu'i  and  the  advantages  of  being  on  the  rrailing  list  givr* 
you  tiie  frost  up-to-date  information  in  their  research  studies* 
Contact 

Theresa  E*  Htll 

Publication  rianeger's  Assistant 
The  University  of  North  Carolina 
Highway  Sefsty  Research  Center 
South  Ca-pus 
CrP197-A 

Chapel  Hill,  :;orth  Carolina  275U 
919-933-22C2 


con  n?^^ 
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Energy  Conservation  Edjcaticn  For  O;:lahor:e  Dnve^  , 
Tape  and  Guide  Booklet. 

This  audible  and  inaudible  program  along  v/ith  the  guide  on  hcv;  to 
teach  the  progra:?,  is  an  excellent  way  to  ccr:r;unicate  to  eveo'one  the 
importance  of  Energy  Efficient  Driving.     It  gi^/es  reasons  v;hy  wa  should 
be  concerned  v/ith  fjel  conservation  and  also  gii^s  ways  in  which  to 
conserve  fuel.     The  booklet  is  designed  as  an  introduction  and  gives 
step  by  step  frares  from  the  filmstrip/tape  series  so  that  the  teacher 
may  give  notes  to  be  tested  on  later. 
Summary 

Professionally  done  v;ith  background  music  which  appeals  to  listeners. 

Contact 

Dr.  Miltoi  Rhoads 
203  Poultry  Science, 
Oklahcrra  Strata  University, 
Stillv/ster,  Cklohcna  74078 

Hovj  to  Save  Gasoline  and  f'toney  as  before. 
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Information  I?-3»  1-28 


Packet  1  -  Korth  Da:-:ota  Enerc:^^  Conservation  (Driver  Ecucaticn) 
Packet  2  -  North  Dakota  Energy  Conservation 

Packet  1  -  A  guide  cor.slsting  of  activities  and  film  sugcssticns 
with  a  test  1r  conclusion.      Included  are  facts  and  lessen  plan  succestic 
as  to  what  should  be  covered.     Also  included  are  30  tips  in  large 
illustrative  fo?T*s  on  hov/  to  conserve  fuel  and  other  gas  saving  tips. 
This  is  put  together  in  cooperation  of  the  governor's  office  on  higiuvay 
safety.     Included  is  a  pan:phlet  on  n^yths  and  facts  about  the  55  m.p.h. 
COTtroversy.     Soire  Department  of  Energy  brochures,  the  mpg  creed  and 
North  Dakota  Traffic  Trends  betvjeen  1959-1979.     These  would  be  excellent 
teaching  aids  to  introduce  in  a  learning  envi ron:rent. 

Packet  2  -  This  guide  concerns  rastly  v/ith  School  £us  Conservatlcn 
of  Fuel.     This  gives  a  guide  of  fuel  conserving  tips  and  course  0Jt7ir:e 
Saving  School  Bl^s  Fuel  -  Dept.  of  Transportation 
Surynary 

A  good  basic  guide  and  tool  to  give  people  a  basic  understanding  in 
vehicle  conservatian  of  fuel  and  a  special  section  on  school  bus  econa'^y. 
Contact 

Clay  Dunlao  Roll  and  Larson 

Energy  Specialist  Kanagerant  Director  of  Transportation 

Capital  Gn-ri:? 

Departrsn^  of  Public  Instruction     Srian  Larson 


Director  of  Drfver  Educaricn 


1533  -lOi  ^  i;:th  \  zr^i^. 
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Thinking  Piout  Energi^  -  Seconcao'  Studias  Gu^d^  State  of  C2lav:«^^ 
This  is  also  a  uell  cevelcped  c-^ice  for  energy/  v;ith  ''esscn  pUns  a::^ 
activities.     The  learner  activities  put  th^  icUj  lesscft  to  v:orr:  zr.d  a^l 
the  students  to  discover  for  the^oelves.     It  covers  not  only  energy 
conservation,  but  all  arees  of  energy  and  related  subjects  and  explains 
on  a  studfents  terns  about  geothern^al ,  oil  shale,  and  others.     It  is  als 
(tecorated  witii  illustrations  to  keep  it  interesting  for  the  studant  and 
instructor. 
Summary 

A  good  guide  to  use  1n  the  teaching  of  energy  conservation  with  scr= 
humorous  illustrations. 
Contact 

John  C.  Ceims 

Departir^nt  of  Public  Instruction 
To^rfnsend  Sui Iding 
Dover,  Delaware  19901 
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Shopping  for  thct  Fuel  Econcrry  c^:r 

This  pamphlet  gives  to  the  consun:er  the  infOTr*ation  tiiey  need  for 
buying  their  new  fuel  econony  car.     It  has  several  checklist  ci^id 
questions  that  will  help  tne  individual  narra-/  da;n  the  qualities  of 
what  they  are  lcc;;ing  for  in  a  fuel  eccnory  car. 
Surnmary 

Excellent  for  the  person  who  v;ants  "to  figure  out  the  r.ost  fuel- 
efficient  and  practical  car  as  far  as  room  is  concerned. 
Contact 

,  Ray  Korris 

"Society  of  Autoriotlve  Engineers »  inc. 
40C  Comranwealth  Drive 
Warrendale,  Pennsylvania  ISOQn 


REVIEU  OF  RSSOUPX;  V\~RirLS 


car 


How 


Cotisnon  Sense  in  Buying  a  Hew  Car 
This  booklet  would  be  very  useful  to  the  person  about  to  bt;y  a  na-; 
and  the  proper  way  to  go  about  purchasing  a  vehicle.     Headlines  is 
not  to  buy  a  new  car.  The  right  way  to  buy  your  ne^  car,  Pursuir.c 


auto  proble::3...If  you  have  then,  Where  to  take  your  compTaints. 
should  aid  anyone  to  nake  their  best  dec1s^;cn  and  would  be  tc  their 


acvanta: 


rscc  this  culce  before  purcJ^^sinc  the^^rnext  veh' 


Verv  in^crr:stiv3  and  should  be  cpenly 


available  to  ths  pu 


pure  ise  atr*  vehicle. 
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Information  IP-3>  :-31 

REviEv:  OF  Pisrv:::;  'v"^.i;.ls 

1*    CcnsuTer  'U^  Qi;ide 
2*  Nejs 

Tim  Industry  Safety  Council 

1*     This  Is  an  excellent  booklet  on  hew  to  properly  cars  for  your  tires 

so  that  you  will  z^t  the  rast  *^ear  frc-  "her:  you  can  get,  and  better  fuel 

econoriy*     It  ccrperss  the  different  kinds  of  tirez  end  reccnrandetlcns* 

Sunima  ry 

ADTSEA  alone  w;th  others  cooperated  with  T!SC  to  puz  the  publication 
togethe  r* 

2*     Three  ne\;s  articles:    1*    Proper  Ti-^-e  Pressure  Gives  Both  Fuel  Savinrs 

and  Safe";/ 

The  following  report  gives  facts  to  back  up  this  report* 

2*    Gain  300  Miles  by  Cieckinq  Tires*     Tnis  would  be  v;orthv;hile  to  anyone 

who  doesn*t  want  zo  pay  for  that  5300,00  at  tee  gas  purp, 

3*    flireri can-r'ade  ?-;;3tn c  Ti res  Save  Gas*     This  states  that  higher 

inflation  In  these  ti^rss  by  3  pounds  nrore  than  recotrrnenced  could  add  tx^ 

better  gas  mileage,  but  never  to  exceed  the  maxiT?:um  nK)ldsd  on  the  slcev/all 

on  a  P-ii!etic  ;vhich  is  35  psi* 

contact 

Tire  Industrv  Safety  Council 
Suite^  755 

National  Prei;s  SL^Ilding 
Washington,  tC  2Gu45 

202-783-1025 
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Information  1-32 


Ft  res  tone 

1*    Passenger  tirs  sales  hancibocs 

2.  Every  V.:?:^''2n's  Car  Care  HandDCOk 

3.  Facts  cn  car  care 

U  This  booklet  explains  the  different  types  cf  tires  and  the 

explanation  of  serial  nuiriiers  and  tenns  nakes  it  easy  to  understand 
when  buying  tires.     They  also  explain  the  advantages  of  different  types 
of  tires* 
Sunyiary 

Informative 

2.  The  car  care  booklet  is  designed  for  the  inexperienced  driver 

or  person  vjho  is  not  fanriliar  with  car  servicing  techniques^  not  necassari 
wonien*     This  would  be  valuable  for  everyone. 
Sunroary 

Excellent 

3*  Tells  each  engine  part  and  wnen  it  should  be  replaced^  if  it 

should  be  replaced  and  how  it  should  perform  with  vjamirgs.     Veiry  useful 
for  most  any  driver  who  wants  to  knav  more  about  their  car. 
Surnma  ry 

Very  good  for  the  novice  driver  or  experienced 
Contact 

?UV!.  Coles 

Jack  B.  SZ2rrM7" 
Dir-Gctor  c'  C::^s.;^=^r  Affairs 
Fir5$tc-e  -ark::ay 
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Info-n«tior.  S?-3 ,  1-33 


BRIEF  rev::.;  :f  v^s^v: 

Your  l>ey  To  a  Settar  Tire  £*jy 

Unifcrr^  Ti>^  Quality  Gr^::::;-: 

US  Cepar^r^rit  or  Trcnsroria-'^ cn 

National  HiCT;.;^y  "Irdffic  Stf^zj  Atinim'straticn 

This  paiT^phlet  gives  infonriSticn  tint  the  rare  expensive  tire  is 

not  necessarily  the  better  tire*     Questions  and  answers  tr;2ke  this 

clear  to  anyone  v:ho  reads  this  that  they  should  be  careful  and  thorcu^h 

in  tire  selection*     It  tells  in  inforriative  fcrr.  ^the  best  tire  or  the 

good  quantities  in  buying  a  tire. 

Contact 

US  DepartT^nt  of  Transportation 
National  H;9>:ay  Traffic  Safety  AinVnistraticn 
*  Washington,  DC  20590 

Selection  ?  DOTHS  S0^C£5  April  1979 

BRIEF  REVZi.l  Or  ?ISOU:<ZzS 

Consur:er  Infor^atizr'^  Cata^cc 

This  offers  to  the  public  free  or  lcr.v  cost  publications  on  a  large 
variety  of  materisls  and  information-     Many  different  categories  in 
nutrition,  energy,  dieting,  housing,  and  econc^c?^  ideas  are  available- 
Very  informative- 
Sirxrar:/ 

ExceHent- 
contact 

Ccnsi:^;er  Ir.f'^ition  Catalog 
ConsLjrr=if*  Ir cr:  Center 

If  free,  p^^-iie  :';ote  free  cn  cKvalcpe 
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R£V;r;   r  1^""'^  V:  "T;" 

27  Energy  Films  -  Depert:T:ent  of  energy  -  Oak  Ridgs 
Included  is  a  pink  update  sheet  of  obsolete  filrrs  no  longer  in  use. 
This  is  a  catalog  of  filins  and  costs  cn  various  areas  in  Coal,  Conservazi 
Environment,  Fusion,  General,  Geothern^l,  History,  r;uclear.  Solar,  $?3ce. 
Transportation,  available  to  schools,  colleges,  libraries,  and  industries 
with  ordering  instructions  in  the  rear.     They  especially  note  that  they 
have  a  new  phone  nu:nber  which  is  on  the  print  out  sheet. 
Contact 

United  States  Department  of  Energy 
P.O.  Box  62 

Oak  Ridge.  Tennessee  37230 
1-615-576-1235 
Suttinary 

Would  be  a  useful  tool  to  someone;  who  would  want  to  use  it  as  a 
resource. 
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Inforn^tion  XP-3»  1-55 


REVIEW  OF  ?isO's^zz  ::;ti":;.l5  i::  z-zzf 


Klein  *iln  Catalog 


This  catalog  has  a  variety  of  arees  of  which  include  the  filco^ 
Working  toceTiher  to  Save  Energy^  and  Hca  to  Squeeze  ;rore  rniles  frc:::  \'Z:tr 
car.     They  carry  a  free  exchange  service  and  a  free  lifetira  repair  service* 
The  expense  of  the  filrns  if  you  have  a  budget  run  at  S275.00  per. 
This  catalog  contains  nearly  130  selections. 
Surnmary 

They  do  allovj  previewing  of  filns  and  want  your  honest  feedback. 
Contact 

David  D.  Jordan 

Print  Sales  Manager 

Walter  J.  Klein  Company^  Ltd. 

6301  Car:^:c'^  Road 

Box  220765 

Charlotte,  NC  2S222 


1-704*542-1403 
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Infortaction  IP-S ,  1-3$ 


This  book  entitled  Ener-y  F'jtL'r^  v;hich  is  a  report  of  the 
energy  project  at  the  HarvardSusiness  School  and  edited  by  Robert  Stcbau^; 
and  Daniel  Yergin  is  a  detailed  Sluc^*  of  a  necessity  v;ith  special  erphsciv  is 
possible  answers  in  Our  future.     Other  autho-s  of  artic^les  are  also 
credited  in  sucn  topics  as  The  End  of  Easy  Qil>  After  the  Peak,  the  Thre^t 
of  Irported  Oil ,  Natural  Gas,  Hcu  to  Slice  a  Shrinking  Pie,  Cca'! :  Z:^^ztr7r.^r^z 
jjbundance,  and  other  areas  concerning  nuclear,  conservation,  solar  answers, 
and  a  conclusion.     The  book  is  located  in  the  library  and  is  266  pages  in 
length. 
Summary 

Book  of  in  depth  study  of  our  fuel  and  energy  problet'ns  v/ith  facts 
and  predictions  of  our  future  if  sa^ething  isn*t  done. 
Contact 

Library  -  London  House  Inc.  ^iY  HY  10022 
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Fuel  Consrrvdtion  LViit  for  Traffic  Safety  Education 

from:       Or.  Frank  S-  Crouillet  -  Traffic  Safety  Education 
Stats  Superipte-cent  of  PuiMc  Instruczicn 
Old  Ca?1to1  Sjilding 

Olynipia,  Washington  SS50A  Claire  D&'cknan 

Project  Coordinator 

I  enjoyed  very  iruch  looking  througn  this  oocklet  and  I  wish  I 

had  one  for  my  o\j\^     It  would  be  a  very  valuable  tool  as  long  as  it  was 

updated  as  this  one  has  been  and  I  feel  because  of  the  illustrations 

that  the  student  as  well  as  the  instructor  would  have  a  tough  tirne 

putting  it  down,  thus  giving  an  interesting  guide  to  learning  and 

gaining  facts.     This  is  the  best  suide  I  have  seen  so  far^  The 

activities  Inside  are  such  that  it  gives  a  student  fun  v;hile  leamlns, 

rather  than  a  chore. 

Contact 

CI  aire  Dyckr^an 
Project  Coordinator 

Fuel  Conservation  Unit  for  Traffic  Safety  Education 

Superintendcrt  of  Public  instruction 

State  of  V-asnington 

Old  Capital  cullding  FG-11 

Olympia,  98504 

St;mmar:y 

A  good  tool  and  guide  to  use  on  a  section  on  Energy  Conservation  with 
:T3any  hu"orojs  1  lu5"raticriS- 
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In  iforns  C  icn  ,  i-^-o 


r:vi'::  of  r.r?:.' 


Comiran  Sense  in  Buying  a  liew  Car 


This  booklet  would  be  very  useful  to  the  person  about  to  buy  a  nev/ 


car  and  the  prop ar  way  to  go  about  purchasing  a  vehicle.     Headlines  as: 
How  not  to  buy  a  new  car.  The  right  way  to  buy  your  new  car.  Pursuing 
auto  proble:;:s.  ,,If  you  have  then,  Wheine  to  take  your  complaints.  These 
should  aid  anyona  to  make  their  best  decision  and  would  be  to  their 
advantage  to  read  this  guide  before  purchasing  their  next  vehicle, 
Sutimiary  ' . 

Very  infonnative  and  should  be  openly  available  to  the  public  before 
they  purchase  any  vehicle. 
Contact 

Office  of  r'ublic  and  Consumer  Affairs 
US  Department  of  Transportation 
Washington,  DC  20590 
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Infomation  I?-3 ,  1-39 


CcnsuT,er  InforTaticn  Cat^lon 

This  offers  to  tiie  public  free  or  lev;  cost  public^iticr^^^  en  5 
variety  of  r;aterials  and  informaticn,     ;<any  differant  categories  in 
nutrition,  enerry,  dieting,  hoijsirv;,  ar^d  cconcny  ic3£S  arc  available 
Very  infcrrcti  V3, 
S  "J*"  r*^  rv 

Exc^llErt. 
Contact 

Consumer  Information  Catalog 
Consurar  Information  Center 
Fan  15SD  issue 

If  froe,  p^.ei^^e  ::c^.3  froe  en  enveloDe 
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ENERGY  CONSERVATION  IN  PUBLIC  TRANSPORTATION 


IP-4. 


Conservation  Through  Car-Pooling 


OBJECTIVE 


Upon  completion  pf  this  instructional  package,  you  "will  be  able  to: 

A.     Compute  the  cost  of  operating  a  vehicle  with  one  passenger  as  compared  to 
operating  a  vehicle  with  five  passengers. 

RESOURCES 
Books : 

Energy  Technology:     Sources  of  Power.     Schwaller,  Anthony  E*    Worcester,  Mass: 
Davis  Publications,  Inc*,  1980* 

U.S.  Dept.  of  Energy  Pursuant  to  the  Provisions  of  the  Energy  Conservation  and 
Production  Acts.     U.S.D.O.E.  tECPAJ  PI  94-385. 

Additional  Resources: 

Information  Tables,  lP-4j  1-1  through  1-3 
Materials  Needed;    Five  (5)  cars 


519 


ACTIVITY 


A,  Tiave  five  people  living  in  the  same  area  drive  to  school  aIone«  then  have 
five  people  ride  to  school  together  in  one  vehicle. 

B.  Compute  the  cost  for  each  individual  driver  and  sum  the  cost  for  operating 
five  vehicles;  then  compare  that  cost  with  the  cost  of  operating  one  vehicle 
which  transported  five  people. 


FEEDBACK 


Objective  A  Check: 

A.     Your  conclusion  should  have  been  that  car-pooling  save  energy  and  that  the 
degree  of  inconvenience  are  primary  considerations  when  deciding  whether  or 
not  car-pooling  will  increase. 

B*     Your  conclusion  should  have  been  that  when  deciding  whether  or  not  car- 
pooling  will  increase,  the  two  primary  considerations  are; 

1.      Cair-Pooling  saves  energy 

2*      The  degree  of  inconvenience 
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Information  Table  IP-A,  1-1 


TABLE  i 


MODE(S)  AND  OPERATING  STRATEGY 


Car  Pool  (maximum  ol  5  passengers, 
average  3--^  passengers) 

Van  Pool  (maximum  ol  IS  passengers, 
average  11-15  passengers) 


VEHICLES  FOR 
50  PASSENGERS 


16 


VEHICLE 

MILES 
PER  DAY 


320 

ao 


FUEL 


'  16  gallons 
(d  20  mpg 

S  gallons 
(a  IC  mpg 


Bus 


(A)     Park-ride  express 

with  car  pool  feeders 


1  Bus 
l6  Autos 


2S 
96 


6+  gallons 
(d  UYi  mpg 
5  gallons 
(A  20"mpg" 


(B)     Park-ride  express  ^ 

with  car  pool  feeders  - 
bus  parking  to  reduce 
deadhead  mileage 


1  Bus 
16  Autos 


1* 
96 


3-1'  gallons 
(d  mpg 
5  gallons 
(d  20  mpg 


(C)     Park-ride  express  -  self  fed 


1  Bus 


'^O 


lO  gallons 
(d  ^  mpg 


(D)    Park-ride  express  -  self  fed 

Bus  parking  to  reduce  deadhead  miles 


1  Bus 


.26 


6H  Gallons 
<d  ^  mpg 


(E)     Local  bus  -  self  fed 


1  Bus 


40 


13+  gallons 
(d  3  mpg 


Information  Table  IP-4,  1-2 


TABLE  2 


MODE(S)  AND  OPERATING  STRATEGY 


COST  NEW 


ANNUAL  COST 


Car  Pools 


Autos  $112,000 

(16  $7,000) 


$22, WO 

(5  year  life) 


Van  Pools 


Vans  $(^8,000 

(a  $12,000) 


$9,600 

(5  year  life) 


Bus 


(a)     Park-ride  express  with 
car  pool  feeders 

and 

(B)     Park-ride  express  with 
car  pool  feeders  and 
bus  parking  to  reduce 
dead  head  miles 


Bus 


Auto 


$150,000  $10,000 

(1  (a  150,000)         (15  year  life) 


$112,000 
(16  @  7,000) 


$22,(^00 

(5  year  life) 


Total  $252,000 


^32,(^00 


(C)  Park-ride  express  -  self  fed.  Bus   :        $150,000  $10,000 

(1  (a  150,000)  (15  year  life) 

(D)  Park-ride  express  -  self  fed 
with  bus  parking  to  reduce 
dead  head  miles 

and 

(E)  Local  bus  -  sell  fed 
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Information  Table  1-3 
A  Sample  of  General  Relative  Rankings  from  Another  Project 


Transportation  System  Improvement 
Ridesharing 

Traffic  Signalization 
Intersection 


Relative  Ranking 
HIGH 


Vehicular  Flow  and  Roadway 

Parking  Management  and  MEDIUM 

Park--and--Ride 
Peak  Period  Travel  Reduction 

Transit  (except  P  &  R) 

Paratransit  (except  Ridesbaring)  LOW 
Bicycle 

Auto  Restrictions 
(in  central  area) 
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ENERGY  CONSERVATION  IN  PUBLIC  TRANSPORTATION 
TP-5-        Conserving  Energy  by  Design 
OBJECTIVES 

Upon  completion  of  this  instructional  package,  you  will  be  able  to: 

A<     Compare  the  fuel  consumption  of  a  vehicle  which  is  designed  to  reduce  air 
drag  to  a  vehicle  which  is  not  to  determine  the  effects  of  air  drag, 

B<     Determine  which  engine  design  is  most  efficient, 

RESOURCES 
Books: 

Automotive  Mechanics,     Crouse,  W,H,    New  York:    McGraw-Hill  Book  Company,  1970, 

Energy  Conservation:     Transportation,     DOE,     Oak  Ridge,  Tennessee:     U,S-  Dept, 
of  Energy,  Technical  Information  Center,  n,d. 

Energy  Technology:     Sources  of  Power,     Schwaller,  Anthony  E,    Worcester,  Mass: 
Davis  Publications,  Inc , ,  1980, 

Magazines : 

"what  We're  Already  Doing  to  Save  Energy,"   Changing  Times,  August  1977, 

U,S,  Department  of  Health,  Education,  and  Welfare,  President's  Energy  Message, 
Consumer  News,  May  1977,  Vol,  7,  (9), 

NOTE;        Refer  to  Resources  in  IP-3, 


ACTIVITY 


A'     Compare  the  data  from  a  trucking  company  to  determine  whether  air  drag 
consumes  energy, 

B<     Read  the  literature  to  determine  how  each  type  of  engine  is  designed, 
how  it  operates,  and  its  approximate  efficiency, 

FEEDBACK 

Objective  A-B  Check: 

You  should  have  concluded  that  air  drag  absorbs  a  significant  part  of  the 
power  of  vehicles,  particularly  at  higher  speeds. 

You  should  have  also  concluded  that  many  improvements  are  being  made  in 
the  design  of  engines  for  automobiles.     Some  improvements  include  the  elec- 
tronic ignition,  precise  fuel  injection  methods,  and  use  of  other  engine  de- 
signs such  as  diesel,  gas  turbine,  and  Stirling  engines.     On  an  average,  the 
gasoline  engine  is  22%  to  28%  efficient;  the  diesel  engine  32%  to  3SZ  effi- 
cient; and  the  gas  turbine  42%  to  48%  efficient-     The  Stirling  engine  design 
is  even  more  efficient,  although  certain  technological  improvements  are  still 
needed  before  it  is  marketable. 
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POST-CHECK 


ENERGY  CONSERVATION  IN  PUBLIC  TRANSPORTATION 

Directions;      Answer  the  following  questions  by  providing  the  appropriate 
response* 

 1*     After  starting  your  car  in  the  morning,  how  long  should  you  let  your 

engine  warm  up  before  starting  your  trip. 

 2*     How  many  miles  can  you  drive  at  40  mph  on  the  gas  your  engine  burns 

while  idling  for  10  minutes? 

 3*     What  percentage  of  gas  will  you  save  if  you  drive  at  55  mph  instead 

of  cruising  along  at  70  mph? 

 i^.     How  much  money  in  fuel  savings  can  the  average  commuter  save  yearly 

if  he/she  joins  a  car-pool? 

Directions:      Place  the  best  response  to  each  question  in  the  space  provided* 

 1*     When  starting  from  a  stationary  position,  which  car  will  start  more 

efficiently?  % 

A*     A  car  that  starts  out  quickly 
B*    A  car  that  starts  out  slowly 
C*    More  information  is  needed 

 2*     Which  of  these  three  (3)  items  is  most  responsible  for  poor  fuel 

economy? 

A.     Fuel  Line  C*    Tire  Pressure 

E*  Ignition 

 3*     If  your  tires  are  10  lbs*  below  the  manufacturer's  recommended  tire 

pressure  maximum,  how  much  is  your  gas  mileage  reduced? 

A*     19%  C.  5% 

B*  3% 
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MODULE  NI14ETEEN 
CONSERVING  ENERGY  THROUGH  DRIVING  HABITS 


Prepared 


by 


Ellis  E*  Lawrence 
Department  of  Industrl?^  Arts  and  Technology 
Elizabeth  City  State  University 
Elizabeth,  KC 


USDOE  Sponsored  Faculty  Dev^elopnent  Worlcshop  on  Energy 
Conservation  for  lAE  at  North  Carolina  State  University 
June  1981-R*E*  Wenlg,  Director 
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CONSERVING  ENERGY  THROUGH  DRIVING  HABITS 


There  are  several  proven  ways  In  ^hlch  ve  can  conserve  energy  and  natural 
resources  through  our  driving  methods.       Among  these  techniques  are:  knowing 
and  driving  at  certain  speeds,  proper  turning  of  your  vehicle,  correcting  tire 
pressure,  planning  ^ead  to  reduce  excess  trips  and  driving  as  little  as 
possible. 


After  reviewing  the  following  research,  you  will  able  to  utilize  the 
infonaarlon  procedures  to  reduce  fuel  energy  consumption.^    The  topics  covered 
in  this  module  include  the  following;     (1)  How  to  Drive  More  Efficiently, 
(2)  How  to  Plan  Your  Trips  and    (3)  How  to  Care  for  Your  Car.    The  activities 
which  include  testing  and  laboratory  exercises  will  have  to  be  completed  by 
answering  at  least  80Z  of  the  questions  on  the  Post-Test  correctly  and  complet-* 
ing  ^.each  activity  under  the  instructor's  supervision. 

Achievement  of  the  terminal  performance  objective  will  be  accomplished 
by  successfully  completing  three  instructional  packages.    If  you  feel  that  you 
have  already  acquired  some  knowledge  about  conserving  energy  through  transporta- 
tion efficiency,  you  may  wish  to  take  the  Pre-Check  to  determine  the  extent  of 
your  knowledge.    The  results  of  the  Pre-Check  may  be  used  to  diagnose  and 
prescribe  which  or  all  the  instructional  packages  needed  to  complete  this 
instructional  module.    If  you  lack  any  knowledge  about  conserving  via  your 
driving  methods  and  car  care,  you  may  eliminate  the  Pre-Check  and  begin  the 
first  instructional  package.    The  results  of  your  own  individual  diagnosis  and 
prescription  my  be  recorded  below. 


INSTRUCTIONAL  PACKAGES  KNOW  NEED 

IP-1.         How  to  Drive  More  Efficiently     

IP-2.         How  to  Plan  Your  Trips     

IP-3.         How  to  Care  for  Your  Car     


Tt  should  be  noted  at  this  point  that  mast  Tesearah  i^  this  area  is  in 
pamphlet  farm*  There  is  a  need  to  aampile  the  information  favcnd  in  the 
pamphlets  into  one  document  or  text* 

A  large  portion  of  this  information  used  to  develop  this  nodule  was  taken 
fpom  Driver/Vehicle  Energy  Conservation  (BRXTEC)  ^A^ning  Program* 

^*To  obtain  Tnaximon  efficienay^  yau  must  follow  all  of  the  suggestions* 
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PRE-CHECK 


CONSERVING  ENERGY  THROUGH  DRIVING  HABITS 

Directions:    Complete  the  bl^aKs  or  place  a  check  in  the  space  before  the  best 
answer  in  the  multiple  choice  questions* 


IP-1.         How  to  Drive  More  Efficiently 

  1,    When  starting  from  a  stationary  position,  which  car  will  start 

more  efficiently? 

A.  a  car  that  starts  out  quickly 

B.  a  car  that  starts  out  slowly 

  2,    How  much  time,  over  a  three  (3)  mile  city  driving  route,  will  a 

driver  save  by  driving  in  an  erratic  manner  with  uneven  speed 
and  abrupt  vehicle  movement  as  compared  to  a  driver  who  antici- 
pates traffic  and  drives  at  a  smooth  and  constant  speed, 
A,    1  minute         B*    ^5  minutes         C,    almost  no  time  at  all 

  3,    How  far  can  you  drive  at  40  mph  on  the  gas  your  engine  bums 

vhile  idling  for  10  minutes?   miles 


4*    How  much  gas  will  you  save  if  you  drive  at  55  mph  instead  of 
cruising  at  70  mph?   percent 

5,  On  the  highway,  at  highway  speed,  you  will  generally  use  less 
gas  by: 

A,  opening  the  window 

B,  turning  on  the  air  conditioner 

6,  When  driving  uphill,  it  is  more  efficient  to: 

A,    start  accelerating  on  the  upgrade  when  your  speed  starts  to 
drop 

B-    start  accelerating  just  prior  to  starting  up  the  hill 

7,  After  starting  your  car  in  the  morning,  how  long  should  you  let 
your  engine  warm  up  before  beginning  your  trip?   


IP-2,         How  to  Plan  Your  Trips 

  1,    From  a  cold  start,  approximately  how  much  does  it  cost  a  driver 

to  drive  four  (4)  miles  to  pick  up  a  quart  of  milk?   

  2,    If  one  person  makes  a  separate  trip  to  the  bus  stop,  the  super- 
market, the  glass  store,  the  drug  store,  and  to  the  local  school 
and  another  person  goes  to  the  same  locations  from  next  door,  in 
three  trips  there  will  be  a  savings  in  gasoline  by: 

A,  the  person  making  separate  trips 

B,  the  person  making  3  trips 

C,  no  savings  in  gasoline 
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PRE-CHECK 
(Continued) 


3,    How  much  inoney  In  fuel-saving  can  the  average  connmiter  save 
yearly  If  he/she  joins  a  car  pool?  $  


Hov  to  Care  for  Your  Car 

!♦    Which  of  these  three  items  is  most  responsible  for  podr  fuel 
economy? 

A.    fuel  line         B.    ignition         C.    tire  pressure 

2,  If  your  tires  are  10  lbs.  below  the  inainifacturer*s  recommended 
tire  pressure  raaximum,  how  much  Is  that  reducing  your  gas 
mileage? 

A*    1%         B.    3%         C*  5% 

3.  Identify  six  (6)  sy^otoms  of  engine  operation  that  Indicate  a 
need  to  have  your      r  checked  by  a  Toechanic* 

A. 


B. 


D. 


F. 


4.    If  the  car  inan\if acturer  specifies  regular  gas,  will  you  get 
Improved  gas  mileage  if  you  use  higher  octane  gas? 
A.    No         B.  Yes 
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PRE-CHECK  KEy 
CONSERVING  ENERGY  THROaCH  DRIVING  HABITS 


IP-1 .         How  to  Drive  More  Efficiently 

1,  A 

2,  C 

3,  B 

4,  Over  20% 

5,  B 

6,  B 

7,  30  seconds 


I^*-  2,         Row  to  Plan  ^our  Trips 

1,  $  1.00 

2,  B 

3,  $  300  to  $  1000  a  year 


IP-3 .         Boy  to  Care  for  Your  Car 

1,  C 

2,  C 

3,  A.  Hard  Starting 

B,  Excessive  use  of  fuel 
C*  Stalling 

D,  Sputtering 

E,  Black  smoking 

F,  B]jue  smoking 
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CONSERVING  ENERGY  THROUGH  DRIVING  HABITS 
IP-1.         How  to  Drive  More  Efficiently 
OBJECTIVES 

It  is  possible  to  conserve  fuel  by  selecting  the  most  appropriate  driving 
techniques.    IJhen  you  finish  this  package,  you  will  be  able  to: 

A.  Distinguish  between  the  ntost  wasteful  and  the  most  economical  driving 
practices, 

B.  Describe  how  to  drive  in  a  manner  which  would  conserve  energy  and  fuel. 

C.  Demonstrate  and  explain  to  your  colleagues  how  to  conserve  by  the 
utilization  of  better  driving  practices. 


RESOURCES 

Before  you  begin  writing  objectives,  you  may  want  to  review  one  or  more 
of  the  learning  resources  listed  below; 

Pamphlets: 

"55  mph  -  The  Texas  55  mph  Safer  Highways  Campaign" 
**55  mph  -  Saves  Lives,  Gasoline  and  Money" 
"55  Saves" 


*To  obtain  the  pamphlets  above,  contact: 
Texas  Safety  Association 
Texas  Office  of  Traffic  Safety 

State  Department  of  Highway  and  Public  Transportation 
Austin,  Texas  78701 


"Easy  Ways  to  Cut  Tour  Transportation  Costs* 
"Don't  Be  Fuellsh** 


*To  obtain  the  pamphlets  above,  contact: 
Dr,  Frank  Brouillet 
Superintendent  of  Public  Instruction 
Olympia,  Washington  98504 


Kit: 

Gas  Savers,  Department  of  Energy 
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ACTIVITY 


We  will  now  demonstrate  how  driving  In  a  certain  manner  will  reduce  fuel 
consumption* 

A,      Start  from  a  stationary  position  quickly  and  slowly*    Record  your  fuel 
consumption  when  starting  from  both  positions  and  compare* 

B*      Drive  In  city  traffic  at  8:00  a*m*  In  an  erratic  manner  with  uneven  speed 
and  abrupt  vehicle  movement*    Please  be  careful!    During  the  same  time 
period,  have  a  friend  drive  a  vehicle  of  the  same  type  (engine  size, 
weight,  etc*)  through  the  traffic  at  a  smooth  and  constant  speed 
while  anticipating  traffic*    Compare  the  amount  of  time  utilized  In  both 
cases* 

C*      Let  an  automobile  Idle  for  ten  minutes*    Compute  the  amount  of  fuel 

consumed*    Now  apply  the  computed  amount  of  fuel  In  the  same  automobile 
and  determine  (by  driving  as  far  as  possible)  the  distance  you  can  drive 
on  the  fuel  consumed  while  idling* 

D*      Place  an  automobile  on  a  dynamometer  for  15  minutes  at  a  speed  of  55  mpb* 
Now  increase  the  speed  to  70  mph  for  15  minutes*    Compare  the  amount  of 
fuel  used  at  55  ii^h  to  the  amount  utilized  at  70  mph* 

E*      Ka\re  two  similar  vehicles  (one  with  windows  open  and  the  other  vith  the 
windows -closed  and  air  conditioner  on)  drive  30  minutes  at  55  mph* 
Compare  fuel  consumption* 

F*      Have  two  similar  vehicles  approach  a  hill  at  the  same  time*    Let  one 
driver  accelerate  on  the  upgrade  and  the  ocher  driver  accelerate  just 
prior  to  starting  up  the  hill*    (^Mnpare  fuel  consumption  with  accurate 
measuring  devices* 


FEEDBACK 

Objective  A>C  Check: 

The  activities  listed  above,  if  conducted  properly,  should  yield  results 
indicative  of  the  answers  profvided  in  the  section  on  the  Pre-Check  Key* 

If  they  did  not,  conduct  the  activities  again* 

Tour  findings  in  most  cases  should 

in  a  certain  manner  vlll  reduce  fuel  consumption* 


Instructor  s  Approfval 
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CONSERVING  ENERGY  THROUGH  DRIVING  HABITS 


IP*2.       How  to  Plan  Tour  Trips 
OBJECTIVES 

This  package  will  show  you  the  importance  of  planning  your  trips  which 
would  thereby  reduce  their  number  and  your  fuel  consumption. 

A.  Describe  the  different  planning  techniques 

1 .  Car-l?ooling 

2.  Planning  family  errands 

3.  Planning  social  and  recreational  trips  and,  in  some  cases,  eliminating 
trips 

B.  Establish  resources  to  assist  you  in  conserving  fuel  through  planning 
trips. 

C.  Establish  the  techniques  for  comparing  fuel  consumption  during  the 
unplanned  and  planned  trips  on  an  average  week. 


RESOURCES 

To  help  you  reduce  your  fu^l  consumption  by  planning  techniques,  use  the 
resources  listed  below. 

Kit: 

Gas  Savers,  Departinent  of  Qiergy 

Conservation  and  Solar  Applications 

Office  of  Transportation  Programs 

Energy  Efficiency 
Mrs-  Cynthia  McLaughlin 
Driver  Efficiency  Program 
CS-SSO  (Resource  Materials) 
Department  of  Energy 
Washington,  DC  20585 
Phone:  1-800-424-9043 


Filmstrips ;  ^  ■ 

The  Driver  Education  Energy  Conservation  ,  by  Larry  L-  Cathell,  State  of  Ohio 
Driver  Education  Section,  Columbus,  Ohio  43215, 

The  Drive  for  Conservation 
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RESOURCES 
(Continued) 

Film: 

Running  on  Empty 


ACTIVITY 


A,  Record  the  number  of  trips  and  the  amount  of  fuel  consumed  for  a  normal 
or  average  week.    Make  sure  you  have  accurate  measuring  devices  to 
determine  the  £imount  of  fuel  consumed, 

B,  ■        Nowa  plan  each  trip  and  reduce  the  total  number  vhere  possible  by  combin- 

ing as  many  as  possible, 

C,  Compare  your  fuel  consumption  for  activities  A  &  B, 
FEEDBACK 

Objective  A-C  Check: 

Check  your  responses  for  objectives  A^  B  and  C  vith  the  information  below. 

The  various  planning  techniques  should  have  revealed  that  planning  and  reducing 
trips  conserve  fuel  consumption. 


Instructor's  Approval 


558 

537 


COMSERVIKG  ENERGY  THROUGH  DRIVING  HABITS 


K-3       How  to  Care  for  Your  Car 
OBJECTIVES 

This  package  will  help  you  (the  driver)  take  care  of  your  automobile  and 
reduce  fuel  consumption  simultaneously. 

A.  Properly  inflate  tires  to  hii^hest  recommended  pressure  to  reduce  friction 
tire  wear,  handling  difficulty  and  excess  stress  on  steering  mechanisms 
and  fuel  consumption. 

B.  Select  the  best  lubricants  or  oil  for  high  mileage, 

C      Describe  the  symptoms  which  indicate  a  need  for  certain  adjustments  and/or 
a  tune^up. 


RESOURCES 

To  help  you  reach  your  objective,  you  may  use  the  resources  listed  below. 
Pamphlet : 

Best  Way  to  Cat  Your  Transportation  Costsi 

Contact:    Via  Dr-  Frank  Brouillet  -  Bill  Hxblar 
Superintendent  of  Public  Instruction 
Olympia,  Washington  98504 

Get  More  Mileage  per  Gallon,. 

Contact:    Missouri  Department  of  Natural  Resources 
Box  1309 

Jefferson  City,  Missouri  6S102 
Phone:  1^800-392-07:7 


Booklet: 

The  Road  to  Conservation 

To  obtain  this  booklet  contact: 
Atlantic  Richfield  Company 
SIS  .South  Flower  Street 
Los  Angeles,  California  90071 

Champion  Spark  Plug  Company 
Box  910 

Toledo,  Ohio  43661 


ERLC 
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RESOURCES 
(Continued) 

Kit: 

Gas  Savers^  U,S,  Department  of  Energy 

Contact:    Cynthia  McLaughlin 

Driver  Efficiency  Program 
CS-830  (Resource  Materials) 
Department  of  Energy 
Washington,  DC      20585  - 


Books : 

Automotive  Meclianics  by  William  H-  Crouse,  8th  ed,,  McGraw-Hill,  New  York,  NY, 
1980. 

Au to-Me Chan ics  by  Jay  Webster,  Glencoe  Publishing  Co.,  Inc,  Encino,  OA,  1980, 

Automotive  Diagnosis  and  Tune-Up  by  Guy  F,  Wetzel,  McKnight  Publishing  Co., 
Bloomington,  IL,  1974, 

Other : 

A  Mechanic  or  Automotive  Instructor 
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ACTIVITY 


km         Study  each  of  the  suggested  resources. 

B.         Observe  a  mechanic  while  he  completely  tunes  your  automobile  or  another 
one. 

Have  a  mechanic  take  you  for  a  test  drive  in  several  faulty  vehicles 
and  attempt  to  diagnose  the  problems  which  may  exist* 

D,  Decide  a  vehicle  needs  an  oil  change  or  a  tune-up.    Use  your  resources 
to  justify  your  decisiorr-making,  . 

E,  Drive  a  vehicle  10  psi  below  the  maximum  tire  pressure  for  a  distance  of 
50  miles       a  speed  of  35  mph;  then,.dnflat£  the  tires  to  the  maximum 
tire  pressure  and  again  drive  the  vehicle  the  same  distance  and  at  the 
same  speed.     Compare  the  fuel  consumption  in  both  cases. 


FEEDBACK 

Objective  A-C  Check; 

After  completing  the  activities  and  reviewing  the  resources »  you  should 
be  able  to: 

1*      Answer  the  pre-test  questions  for  this  section  correctly, 

2.      Decide  when  a  tune-up  and  oil  change  is  needed  for  your  automobile, 

3*      Know  how  to  care  for  your  car  in  a  manner  which  yields  the  most  fuel 
efficient  vehicle. 


If  you  cannot  perform  the  three  Itrms  above,  please  review  the  resources  and 
repeat  this  package. 
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POST-CHECK 


CONSERVING  ENEEIGY  THROUGH  DKIVIKG  HABITS 

DIRECTIONS;    Complete  the  blanks  or  place  a  check  In  the  space  before  the  best 
answer  in  the  multiple-^choice  questions. 

1.  From  a  cold  start,  approximately  how  imich  does  it  cost  a  driver  to  drive 
four  (4)  miles  to  pick  up -a  quart  of  milk?  

2.  After  starting  your  car  in  the  morning,  how  long  should  you  let  your 
engine  varm  up  before  starting  your  trip?   

3.  When  starting  from  a  stationary  position,  which  car  will  start  more 
efficiently? 

(    )  A.    A  car  that  starts  out  quickly      (    )  B.    A  car  that  starts  out 

slowly 

4.  How  much  time,  over  a  three  (3)  mile  city  driving  route,  will  a  driver 
save  by  driving  in  an  erratic  manner  with  uneven  speed  and  abrupt  vehicle, 
movement  as  compared  to  a  driver  who  anticipates  traffic  and  drives  at  a 
smooth  and  constant  speed? 

C    )  A.    1  min.      (    )  B.    45  min.      (    )  C.    almost  no  time  at  all 

5.  How  far  can  you  drive  at  40  mph  on  the  gas  your  engine  burns  while  idling 
for  10  minutes?   miles 

6.  How  much  gas  will  you  save  if  you  drive  at  55  mph  Instead  of  cruising  along  a 
70  mph?   percent 

7.  When  driving  up  a  hill,  is  it  more  efficient  to;     (    )  A.    Start  accelerat-^ 
ing  on  the  upgrade  when  your  speed  starts  to  drop    (    )  B.  Start 
accelerating  just  prior  to  starting  up  the  hill,  ^ 

8.  On  the  highway,  at  highway  speed,  you  will  generally  use  less  gas  by; 
C    )  A.    opening  the  window      (    )  B.    turning  on  the  air  conditioner 

9.  Which  of  these  three  (3)  items  Is  most  responsible  for  poor  fuel  economy? 
(    )  A.    fuel  line      (    )  B.     ignition      (    )  C.    tire  pressure 

10.  If  your  tires  are  10  lbs.  below  the  manufacturer's^  recommended  tire 
pressure  maximum,  how  much  Is  that  reducing  your  gas  mileage? 

C    )  A.    1%      C    )  B.    3%      C    )  C.  5% 

11.  Identify  six  (6)  symptoms  of  motor  operation  that  Indicate  a  need  to  have 
your,  car  checked  by  a  mechanic? 

a.    d*  

b.    e*   

f . 
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POST-CHECK 
(Continued) 


12.  If  the  car  manufacturer  specifies  regular  gas,  will  you  get  improved  gas 
mileage  if  you  use  higher  octane  Zbs? 

(    )  A.    No  (    )  B.  Yes 

13.  if  one  person  makes  a  separate  trip  to  the  bus  stop,  the  supertnarket, 
the  glass  store,  the  drug  store,  and  to  tlie  local  school  and  another 
person  goes  to  the  same  locations  from  next  door,  in  three  trips  will 
there  be  a  saving  in  gasoline  by;     (    )  A.    the  person  making  separate 
trips      (    )  B.     the  person  making  3  trips      (    )  C.    no  savings  in 
gasoline 

14.  How  much  noney  in  fuel  saving  can  the  average  commuter  save  yearly  if 
he/she  joins  a  car  pool?   


ERiC 
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MODULE.  TIJEKTY 
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CONSERVING  ENERGY  THROUGH  AUTOMOBILE  MAmENAl^CE 


The  automobile  has  provided  the  Anerlcan  public  with  a  mobility  unlike 
any  other  society  In  the  history  of  man.    It  has  become  an  integral  part  of 
our  everyday  lives.    The  1973  oil  embargo  brought  first  notice  of  the  ccmlng 
fuel  and  energy  problans.    In  order  to  extend  the  life  span  of  the  known 
current  supplies  of  fuel  ve  must  maximize  the  fuel  economy  of  the  108,000,000 
vehicles  on  the  American  highways. 

With  the  knowledge  of  the  basic  auto  maintenance  procedures  the  learner 
can  safely  perform  energy  conservation  tasks  with  a  minimum  Investment  In  tools 
and  equipment. 


TERillKAL  VERPORltAKCE  OBJECTIVES 

Upon  completion  of  this  module  you  will  be  able  to  complete  routine 
owner  maintenance  on  a  vehicle  to  maximize  return  on  Investment  in  fuel. 


INSTRUCTIONAL  PACKAGES  KNOW  NEED 

IP*-1.       Fuel  and  Salsslon  System  Service     

IP'2.        Ignition  System     

IP-3.       Tires  and  Brakes    - 


CONSERVIirc  ENERGY  THROUGH  AUTOMOBILE  MAINTENANCE 

PRE-CHECK 


IP-1-       Fuel  an^  Emission  System  Service 

  1,    Most  automotive  manufacturers  recommend  that  you  replace  the  air 

cleaner  element: 

A,  Every  3000-4000  miles  Every  6  months      C,  Every  6000-8000 

miles     D,  Every  1000  miles      E,  Every  12  months  or  12,000  miles 

  2,    Air  cleaner  elements  are  never  serviced,  just  replaced, 

A,  True 

B,  False 

  3,    Two  types  of  air  filter  elements  are: 

A,  Paper  and  polyurethane     B,  Paper  and  wire     C,  Fiberglass  and 
paper     D,  Fiberglass  and  polyurethane    E,  Wire  and  polyurethane 

  4,    The  PCV  valve 

A,  Meters  air  to  the  carburetor      B,  Meters  air  to  the  valve  covers 

C,  Varies  air  flow  in  the  PCV  system     D,  Cannot  reduce  air 
pollution     E,  Aids  in  oil  consumption 

  5,    A  dirty  fuel  filter  may  cause  an  engine  to  accelerate  slowly, 

A,  True 

B,  False 


IP-2,       Ignition  System 

  1,    Most  engines  have  the  basic  timing  Index  located  on  the: 

A,  Distributor  B,  Flywheel  C,  Distributor  Cap  D,  Carburetor 
E,  Vibration  Damper 

  2,    Tlie  vacuum  advance  mechanism  Is  usually  unhooked  when  checking 

basic  timing* 
A,  True 
B-  False 

  3,    Basic  timing  assures  correct  timing  at  only  one  speed, 

A,  True 

B,  .  False 

  4,    On  electronic  ignition  systems  the  spark  plugs  require  more 

service  than  any  other  part, 
A,  True 
B*  False 

  5,    The  spark  plug  heat  range  Is  determined  by  the: 

A,    Engine  operating  temperature  Plug  gasket      C,  Center 

electrode     D,  Plug  shell      E,  Length  of  the  Insulator 
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?RE-CHECK 
(Continued) 


Tires  and  Brakes 

1.  There  are  basic  types  of  tire  construction. 

A.  B.  3      C.  4     D.  5      E.  6 

2.  Radial  tires  may  contribute  as  much  as   percent  to  fuel 

economy. 

A.  1      B.  2      C.  4      D.  5      E.  6 

3.  It  is  not  advisable  to  mix  radial  tires  with  other  types. 

A.  True 

B.  False 

4.  Maximum  tire  pressure  is  alvays  stated  in  the  owner  manual. 

A.  True 

B.  False 

5.  Hydraulic  brakes  should  be  inspected  every  miles. 

A.  5000     E.  10000      C.  12000     D.  15000     E.  17000 
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PRE-CHECK  KEY 
CONSERVING  ENERGY  THROUGH  AUTOMOTIVE  MAINTENANCE 


IP-l.        Fuel  and  Emission  System  Service 


IP-2.        If;;nltlon  System 


IP -3. 


Tires  and  Brakes 


547 


^CONSERVING  ENERGY  THROUGH  AUTOBOBILE  MAIIITENANCE 

IP-1.        Fuel  and  Emission  System  Service 
OBJECTIVES 

Upon  completion  of  this  instructional  package,  you  will  be  able  to: 

A.  Identify  and  describe  the  operation  of  the  air  cleaner,  positive  crank- 
case  ventilation  valve,  fuel  filter  and  charcoal  canister  element  filter. 

B.  Remove  the  air  cleaner  element,  check,  service  and/or  replace  it. 

C.  Test  the  positive  crankcase  ventilation  valve  and  remove  and  replace  it. 

D.  Remove  and  replace  the  charcoal  canister  filter  element. 

E.  Remove  and  replace  the  fuel  system  filters. 

RESOURCES 

Please  review  the  following  resources  which  refer  to  this  instructional 
package. 

Books: 

Automotive  Encyclopedia  by  Toboldt  and  Johnson,  Goodheart  Wilcox,  1968 
pp. 241-243. 

Automotive  Mechanics  by  Herbert  Ellinger,  Prentice-Hall. 
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Review  the  Instruction  materials  listed  in  the  resource  section  of  this 
module. 

Do  each  of  the  items  listed  below  and  place  a  check  mark  in  front  o£  the 
statanent  when  completed. 


Air  Cleaner  Service 


a.  Open  the  hood  on  the  vehicle. 

b.  Locate  the  air  cleaner  and  note  attaching  mechanism. 

c.  R€move  the  wing  nut  and/or  attaching  bolt  on  the  air  cleaner. 

d.  Unhook  the  hoses  osac  valve  and /or  temp^ature  sensors  In  the  air 
cleaner  housing.  ^ 

e.  Unhook  the  hot  air  duct  to  the  exhaust  manifold. 

f .  Remove  the  air  cleaner  assembly  to  the  work  bench. 

g.  Open  the  air  cleaner  assembly  and  remove  the  element. 

h.  Observe  the  element  and  note  the  following  conditions*  check  item 
which  applies. 


  clean  and  dry 

  black  and  dry 

  black  and  wet  or  oily 

i.    Check  your  recommendation  for  this  element. 

  clean  and  re-use 

  replace  element 

j.    Have  your  instructor  check  your  recommendation 


Instructor  Signature   

k.  Clean  out  any  foreign  material  in  the  air  cleaner  housing. 
1*  Re-'assemble  the  air  cleaner  and  element  on  the  carburetor, 
m.    Re-*attach  the  vacuum  lines  to  the  air  cleaner. 

n.    Check  the  heat  duct  from  the  manifold  to  the  air  cleaner  for  align- 
ment * 

o.    Re-check  vacuum  line  connection  to  the  air  cleaner  and  compare  with 
vacuum  hose  routing  chart  In  engine  compartment. 


Positive  Crankcase  Ventilation  Valve  Service 


a.  Open  the  hood  of  the  vehicle  and  locate  the  P.C.V.  valve  in  the 
line  (hose)  from  the  carburetor  base  to  the  valve  cover. 

b.  Start  the  engine  and  let  it  idle. 

c.  Pinch  the  hose  connected  to  the  PCV  valve.     If  the  valve  is  working, 
you  will  hear  the  engine  idle  speed  drop. 

d.  If  the.  idle  speed  does  drop  the  v^^lve  is  working. 

e.  If  the  idle  speed  does  not  drop  remove  any  clamps  on  the  hose  and 
pull  out  the  PCV  valve. 

f .  Replace  the  PCV  valve  with  a  new  one  that  matches  the  one  from  your 
vehicle.    Be  sure  to  check  application  specifications* 
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ACTIVITY  cont. 


3.        Charcoal  Canister  Filter  Replacement 


a*    Locate  the  charcoal  canister  under  the  hood  of  the  vehicle, 
b-    Note  that  It  Is  attached  with  a  circular  band  and  one  screw. 

Remove  the  screw  (bolt)  from  the  band.  It  Is  not  necessary  to  remove 

the  hoses  from  the  unit, 

d.  Invert  the  canister  and  note  the  fiberglass  filter  In  the  bottom. 

e.  Gently  pull  the  filter  from  the  canister. 

f.  Install  a  new  filter  and  re-attach  the  canister. 


4.        Fuel  Filter  Replacement  Chrysler  and  AllC  Vehicles 

  a.    Open  the  hood  of  the  vehicle  and  locate  the  fuel  filter  In  the  fuel 

line  to  the  carburetor. 

  b.    Loosen  the  hose  clamps  at  the  ends  of  the  filter. 

  c.    Remove  the  filter  by  pulling  back  on  the  rubber  hose  at  each  end. 

  d.    Check  the  hoses  for  signs  of  deterioration  and  replace  If  necessary, 

  e.     Install  a  new  fuel  filter.    Note  the  direction  of  fuel  flow  on  the 

filter  housing. H   The  arrow  should  point  to  the  carburetor, 
f      f .    Start  the  engine  and  check  for  leaks. 


5.        Ford  Vehicles  Fuel  Filter  Replacement 

  a.    Open  the  hood  of  the  vehicle  and  remove  the  air  cleaner.    Most  Ford 

filters  screw  directly  into  the  carburetor  at  the  fuel  line  Inlet. 

  b.    Remove  the  hose  clamp  at  the  fuel  line  hose. 

  c.    Pull  the  hose  free  from  the  filter. 

 d.    Using  the  proper  size  wrench,  unscrew  (counter  clockwise)  the  fuel 

filter  and  discard  the  unit, 

  e.     Install  a  new  fuel  filter  and  re-attach  the  fuel  line  hose  and  clamps. 

  f .    Start  the  engine  and  check  for  fuel  leaks. 

  g.    Replace  the  air  filter  aseembly. 


6,        General  Motors  Vehicles  Fuel  Filter  Replacement  (t^^ 

 a.    Open  the  hood  of  the  vehicle  and  remove  the  air  cleaner  assembly** 

  b.    Locate  the  fuel  line  where  It  enters  the  carburetor.    Most  G.M.  cars 

have  the  fuel  filter  housed  In  the  carburetor  at  the  fuel  line  Inlet. 
  c.    Disconnect  the  fuel  line  at  the  carburetor  (use  two  wrenches  Co  avoid 

twisting  the  fuel  line) . 
 d.    With  the  fuel  line  unhooked,  loosen  the  largest  nut  with  a  wrench. 

This  is  the  fuel  filter  housing. 
  e.    There  is  a  light  spring  behind  the  fuel  filter.    Note  the  positions 

of  the  spring  filter  and  gaskets  as  you  remove  them. 

  f .     Install  a  new  filter  in  the  carburetor  and  tighten  the  housing. 

 g.    Re-connect  the  fuel  line. 

 h.    Start  the  engine  and  check  for  leaks. 

  1.    Replace  the  air  cleaner  assembly. 
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FEEDBACK 


Objective  A-E  Check; 

Having  completed  the  activities  sections  of  this  paclcage,  please  report 
to  the  instructor.    He  will  Inspect  your  worlananship  and  sign  your  package. 


Instructor's  Signature 


Date 
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CONSERVING  ENERGY  THROUGH  AUTOMOBILE  MAINTENANCE 


IP-1. 


Isnltlon  Systems 


OBJECTIVES 

Upon  completion  of  this  Instructional  package,  you  vill  be  able  to; 

A.  Describe  the  Importance  of  proper  Ignition  timing  and  Its  relationship 
to  good  fuel  econcmy. 

B.  Check  and  adjust.^ basic  Ignition  timing  vlth  a  timing  light. 

C.  _    Describe  the  operation,  application  and  selection  of  spark  plugs. 

D.  Remove,  Inspect,  service  and/or  replace  spark  plugs. 


Please  review  the  following  materials  which  refer  to  this  Instructional 


RESOURCES 


package. 


Books: 


Same  as  IP-2.  (Automotive  Encyclopedia.  1968  Edition  pp*  401-402). 


Same  as  IP-2.   (Automotive  Mechanics). 
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Review  the  instructional  materials  listed  in  the  resource  section  of 
this  package. 


Write  a  paper  describing  the  three  basic  types  of  tire  construction  and 
the  advantages  and  disadvantages  of  each.    Draw  illustration  to  illus- 
trate types. 

Upon  completion  of  the  steps  noted  belou,  place  a  check  mark  in  front 
of  the  statement. 

Checking  tire  inflation 

a.  Check  the  owner  manual  for  proper  tire  Inflation  pressure.  Some- 
times this  may  be  found  on  the  driver's  door  post.    Record  the  proper 
pressure  here   P.S.I. 

b.  When  the  tires  are  cool,  locate  the  valve  stem. 

c.  Unscrew  the  valve  stem  cap  counter  clockwise  by  hand. 

d.  Apply  the  end  of  the  tire  pressure  gauge  over  the  tire  air  valve. 

e.  Press  down  to  obtain  a  pressure  reading  in  P.S.I,  on  the  gauge. 

f.  Read  the  tire  pressure  indicated  on  the  gauge. 

g.  If  the  pressure  is  correct  re- Install  the  valve  stem  cap. 

h.  If  the  pressure  is  too  high  depress  the  core  in  the  center  of  the 
valve  stem  to  release  some  air. 

i.  Re-check  tire  pressure  and  repeat  until  pressure  is  correct. 

j.    If  the  tire  is  under-inflated,  place  the  end  of  the  compressed  air 

supply  hose  over  the  tire  valve  stem  and  depress  momentarily, 
k.    Re-check  the  idxe  pressure  and  repeat  until  pressure  is  correct. 
1.    Re-install  the  valve  stem  cap. 

Write  a  brief  paper  describing  the  operation  of  the  hydraulic  and  parking 
brake  system  of  an  automobile. 

List  the  major  component  of  a  hydraulic  brake  system. 


Upon  completion  of  the  steps  ^low,  place  a  check  mark  in  front  of  the 
statement.  ' 

a.  Jack  the  front  end  of  a  vehicle  until  the  wheels  are  off  the  floor. 

b.  Place  jack  stands  under  the  vehicle. 

c.  With  a  partner  applying  the  brakes  in  the  car,  attempt  to  rotate 
both  front  wheels  -  tliey  should  not  turn. 

d.  With  the  brakes  released  both  front  wheels  should  turn  freely.  If 
the  wheels  do  not  turn  freely,  the  front  brakes  are  dragging  and 
need  to  be  serviced. 

e.  Remove  the  jack  stands  and  lower  the  vehicle. 

f .  Repeat  Steps  A  through  D  for  the  rear  wheels. 

g.  Apply  the  parking  brake  and  repeat  Steps  C  and  D. 

h.  Repeat  Step  E. 
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Refview  the  instructional  materials  listed  in  the  resource  section  of 
this  package* 

Write  a  one-page  paper  describing  the  relationship  between  ignition 
timing  and  good  fuel  economy. 

Upon  completion  of  each  of  the  steps  below  place  a  check  mark  in  front 
of  the  statement* 


Engine  Timing-Conventional  Ignition  Systems 

a*    With  the  engine  stopped,  clean  the  timing  marks  on  the  harmonic 

balancer  and  engine  block* 
b.    Chalk  the  timing  marks  you  want  to  align* 

c*    Check  the  service  manual  for  timing  specification  and  record  below 

 degrees  B.T*D*C*  or  degrees   A*T*D*C* 

(Late  model  cars  have  the  proper  timing  listed  on  the  emission  label 
under  the  hood*) 

d*    Connect  the  timing  light  to  the  engine*    The  black  lead  wire  is 

grounded  or  connected  to  the  negative  battery  terminal*    The  red  lead 
is  positive  and  connected  to  the  positive  battery  post*    The  remain- 
ing wire  (larger  diameter)  is  connected  to  the  No*  1  spark  plug  with 
adaptors  or  clips  over  the  No*  1  spark  plug  wire*  (Check  the  service 
manual  to  determine  ^1  plug  and  wire) 

e*    Make  sure  all  wires  are  clear  of  the  fan.  and  other  rotating  parts. 

f-    Start  the  engine  and  allow  it:  to  reach  normal  operating  teaperature. 

g*    Aim  the  timing  light  at  the  timing  marks*    If  the  chalked  marks  line 
up,  the  engine  Is  timed  correctly,  proceed  to  step         If  not  lined  u 
proceed  to  the  n^t  step* 

h*    With  the  engine  still  running  loosen  the  distributor  hold-down  bolt* 

i*    With  the  timing  light  operating, rotate  the  distributor  housing  until 
the  timing  marks  line  up* 

j-    Tighten  the  hold'-dcr~^  bolt  and  re-check  the  timing* 

k*    Stop  the  engine  and  remove  timing  light* 

1*    Re-connect  the  vacum^^Lnfe  to  the  distributor  vacuum  advance. 

Write  a  one-page  paper  describing  the  function  and  selection  of  spark 
plugs*  [ 

Spark  Plug  Service*    Upon  completion  of  each  of  the  steps  below  place  a 
check  mark  in  front  of  the  statement. 


a*    With  a  cool  engine,  carefully  remove  the  spark  plug  wires  from  the 
spark  plugs.    Numbering  the  wires  will  help  you  re-tnstall  them* 
Don*t  pull  on  the  wires.    Grasp  the  boot  when  removing  plug  wire* 

b*    Loosen  each  spark  plug  (counter-clockwise)  with  a  spark  plug  socket 
and  ratchet*  Back  it  out  ?S  to  turn* 
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ACTIVITY  cont. 


c.    Use  compressed  air,  if  available,  to  blow  dirt  away  from  the  plug 
opening. 


FEEDBACK 

Objective  A-D  Check: 

Upon  completion  of  the  activities" In  this  section,  please  report  to  your 
Instructor.    He  will  Inspect  your  work. 


Instruct  '  '  ignattare 


Date 
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CONSERVING  ENERGY  THROUGH  AUTOMOBILE  MAINTENANCE 


IP-3 .        Tires  and  Brakes 
OBJECTIVES 

Upon  completion  of  this  Instructional  package^ you  will  be  able  to: 

A.  Describe  the  basic  construction  advantages  and  disadvantages^  application 
and  selection  of  automotive  tires. 

B.  Describe  the  operation  of  the  hydraulic  and  parking  brake  system  In  an 
automobile. 

C.  Properly  check  and  Inflate  automobile  tires. 

D.  Safely  raise  a  vehicle  and  check  for  brake  application  and  release  at 
each  wheel. 


Please  review  th<i  following  materials  which  refer  to  this  Instructional 
package . 

Books: 

Same  as  IP-2.     (Automotive  Mechanics) 

Same  as  IP-2.     (Automotive  Encyclopedia,  1968  Edition  pp.  633-640^  511-541). 


RESOURCES 
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FEEDBACK 

Objective  A-D  Check: 

Now  that  you  have  completed  the  activities  in  this  section,  please  report 
to  your  instructor.    He  will  inspect  your  worlananship. 


Instructor's  Signature 
Date 
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POST  CHECK    ^  ^ 
ENERGY  CONSERVATION  THROUGH  AUTOMOBILE  MAINTENAIJCE 


DIRECTIONS;    Provide  the  approplate  response  to  the  follovring  questions. 
.       Fuel  and  Bnission  Systen 

 ~~   0 

I-    An  air  cleaner  clement  that  is  black  and  oily  indicates  that  the 
 '         system  should  be  ■  sei-viced". 

2.  Clean  air  enter  the  PCV  system  through  the  

3.  The  charcoal  canister  filter  filters  air  in  the   

 ^system. 

4.  A  partially  plugged  fuel  filter  will  reduce  the  vehicle*s  ^ 
 ^   speed  operation. 


IP-2.        Ignition  System 

The  ignition  timing  light  is  connected  to  the  battery  and; 
A.    the  first  spark  plug  in  the  firing  order.    B.  the  last  spark 
plug  in  the  firing  order     C.  any  spark  plug  in  the  firing  order 

D.  the  first  and  last  spark  plug  in  the  firing  order      E.  none 
of  the  above 

Spark  plugs  always  fire  E.T.D.C. 
A.  True 

E.  False 

A  spark  plug's  ninnber  is  determined  by  its  heat  range.  ^ 

A,  True 

B.  False  ^  - 


Tires  and  Brakes 

Radial  tires  cannot  be  rotated  on  a  vehicle  the  same  as  conven- 
tional tires. 

A,  True  ^         ^  , 

B.  False  ^ 

The  parking  brake  system  on  a  vehicle  is  operated  by  means  of: 
ii.     cams     B.  -gears       C.  cables      D.  rods      E.  springs 

Automotive  tire  pressures  are  more  accurately  checked  with: 
A.  gas  station  air  towers''.  B.  pencil  type^jgauges     C.  visual 
obser-vation  .  ^ 


6". 


8. 

10, 


■  r 
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POST  CHECK  KK 


ENERGY  CONSERVATIOK  THROUGH  AUTOMOBILE  MAINTENANCE 


Fuel  and  Emission  System  - 

1.  PCV  systems  should  be  serviced 

2.  Air  cleaner 
3-    Fuel  systems 

A.    High  '. 


Ignition  System 

5.  A 

6.  A 

7.  A 


Tires  and  Brakes 

8.  A 

9.  C 
10.  B 
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MODULE  TWENTY-O^TE 

•3 

ENERGY  EFFICIENCIES  IN  THE  TOTAL  AUTOMOBILE  OPERATION 


Prepared 
by 


Doug  Adams 
Industrial  Arts 
Chapel  Hill-Carrboro 

School  System 
Chapel  Hill,  North  Carolina 


Tom  Hill' 
Ohio  Northern  University 
Ada,  Ohio 


USDOE  Sponsored  Faculty  Development  Jforkshop  on  Energy 
Conservation  for  lAE  at  North  Carolina  State  University 
June  198l-R,£,  Wenig,  Director 
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ENERGY  EFFICIENCY.  IN  THE  TOTAL^  AUTOMOBILE  OPERATION 


The  module  is  designed  to  provide  an  individualised  instruccion  program 
for  analyzing  energy  efficiency  as  it  relates  to  the  total  automobile  opera^ 
tion;  ,  *  ■  ' 


TERMINAL  PERFQUMANCH  OBJECTIVE  '  - 

Each  student  will  describe,  and/or  demonstraiia  recent  advances  in  energy 
efficiencies  in  the  total  automobile  operation  (excluding  engine)  as 
determined  by  a  score  of  ^0%  or  higher  on  an  objective  test, 

INSTRUCTIONAL  PACKAGES  KNOts^  NEED 

IP-K        Modifying  Transferral  of  Motion    

IP-2,        Efficient  Body  Design  ^  

IP-3*        Engine  Modification   


^  .J  U 
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PRE-TEST 


ENERGY  EEFICIENCIEr,  IN  THE  TOTAL  AUTOMOBILE  OPERATION 
Modifying.  Transferral  of  Motion 

 c  

1*    An  increase  in  power  (beyQnd 'the  highest ^transmission  gear) 
obtained  through  advantageous  gear  ratios  is  referred  to  as: 
A*  transTnisjsion    B,  differential    C.  overdrive    T>*  speed  control 
F.  niicro-processor 

2-  A  device  that  allows  different  gear  ratios  for  different  speeds 
is  referred  to  as; 

A. 

3-  The  device  that  transfers  motion  to  the  rear  axle  is  referred  to 
as  the: 

.  A-  F(U 

Efficient  Body  Design 

1,    List  three  reasons  how  rolling  resistance,  wind  resistance . and 
weight  can  affect  fuel  consumption. 

Engine  Modification  for  Automated  Controls 

1,    The  device  that  automatically  adjusts  engine  functions  such  as 
fuel/air  ratios  is  referred  to  as: 
A,     E(l)  ^ 

2*    The  device  that  automatically  maintains  the  same  speed  is 
referred  to  as: 
A.  E(l) 

3*'    List  three  reasons  how  an  MP(5  neter  can  reduce  fuel  consumption* 
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ENERGY  EFFICIENCY  IN  TITE  TOTAL  AUTOMOBILE  OPERATION 


IP-1.      Modifying  Trans f err al  of  Motion 
OBJECTIVES 

Upon  completion  of  this  instructional  package^  you  will  be  able  to: 

A.      Identify  advantages  and  disadvantages  for  each  method  of  modifying 

transferral  of  inotion  to  obtain  increased  efficiency  as  indicated  by 
scoring  95^  or  higher  on  an  objective  test. 

RESOURCES 
Books: 

Fundamentals  of  Automotive  Transmissions  by  W.. Thomson,  1973,  Chapters  1-4 
6  and  7 .  ^  *  ^ 

General  Power  Mechanics  by  William  H.  Crouse,  1976-,  Chapter  28. 

Automechanics  by  Harold  T.  Glenir,  1976,  Chapter  13^ 

Know  Your  Car  by  Willard  A.  Allen,  1974,  pp.  158-163. 

Information  Sheet:    A  Consumer*s  Guide  to  Fuel  Savings  by  National 'Energy 

Research  Institute,  1979* 
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'     PRE-TEST  KEY 

ENERGY  EFFICIENCIES  IN  THE  TOTAL  AUTOMOBILE  OPEIIATION 
Modifying  Transferral  of  Motion 

1.  .  C  '       >         .  .  ' 

2.  A 

3.  B  * 

Efficient'-  Body  Design 

Obtain  answer  sheet  from  instructor. 

Engineer  Modification  for  Automated  Controls 

*  1 .     E        ■  , 

2.  D 

3.  Obtain  answer  sheet  from  instructor 
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ACTIVITY 


A.  Each  student  will  participate  in -^the  discussion  of  operational  theory 
,  through*  lecture  and  demonstration' of  cut^a^way  modef(s). 

B,  Each  student  will  draw  a  chart  showing  and  listing  the  major 
components  of, each  device,  ,  *  ^ 

Each  student  will  define  the  important  parts  shown  on  the  chart. 

D.  Each  student  will  operate  two  transmissions  having  different  gearing 
ratios  in  order  to  determine:  '  \.  ■ 

K    obtainable  RPM 
2,  economy 

E.  ,      Operate  two  differentials  having  different  gearing  ratios  in  order  to 

determine: 

1*    deliverable  power  to  the  wheels 
2*  economy 

3*     traction  '  ^  ^ 

F*        Operate  a  conventional  transmission  and  one  having  overdrive  in  order 
to  determine: 

K    RPT  (power) 

2,    economy  (lower  engine  PPM) 


FEEDBACK 

Objective  A  Check: 

1*        Each  student  will  attend  class. 

2*        Compare  chart  ..to  cut-away  model  with  parts  labeled. 


'^3 
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ENERGY  EFFICIENCIES  IK  THE  AUTOMOBILE  OPERATION 


IP-2.        Efficient  Body  Design 

Upon ^completion  of  this  instructional  package,  you  wi?l  be  able  to: 

A.      Name  three  reasons  why,  wind  resistance,  rolling  resistance  and  reduction 
in  weight  can  affect  operating  efficiency. 


RESOURCES  ^ 
  s 

Books: 

Running  on  Empty  by  Lester  ErowTi,  New  York,  Norton  E.  ,Company,  1974. 
.  Tlie  'Whole  Truth  About  Economy  b^  Doug  Roe,  1975- 


Magazines: 

"Cheating  the  Wind,"  by  William  Curney,  III,  Popular  Mechanics,  Nov.  1980, 
p.  123, 

"Aerodynamics  Take  Off^^and  Fuel  Economy  Soars,"  by  Del  Coates,  Crossroads, 
Nov. -Dec.  1980,  pp.  16,  Jfl7  and  50. 

Rating  Radials  for  Tread  Life,  Traction  and  Speed,"  t?y  H.  Schuldiner,  Popular 
Science,  April  1981,  pp.  107-x'l5. 

"Hybrid^Tread'  Tire,"  by  H.  Schuldiner,  Popular  Science.  January  X981,  p.  81. 

"Rubber  Elephants,"  by  William  Gurney,  III,  Popular  Mechanics,  December  1980, 
pp.  50^63.  ^  .  ■ 
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ENERGY  EFFICIENCY  IN  THE  TOTAL  AUTOMOBILE  OPERATION 


IP^3.      Engine  Modification  for  Autociated  Controls 
OBJECTIVES 

Upon  completion  of  this  instructional  package,  you  will  be  able  to: 

A.      Identify  advantages  and  disadvantages  for  each  method  of  modifying 
engines  to  use  automated  controls  in  order  to  obtain  increased 
efficiency  as  indicated  by  scoring  95%  or  higher  on  an  objective  test. 

RESOURCES 
Books: 

^e  Whole  Truth  about  Economy  Driving  by  Douglas  Roe,  1975,  pp.  165^169. 
Automechanics  by  Harold  T.  Glenn,  1976,  Chapter  6. 

Magazines: 

*'MPG  Meter"  by  Sid  Stall,  et  al..  Popular  Science,  August  1980,  pp.  68-69. 

*t^ashboard  Kavigator  does  Everything  but  Drive**  by  William  Gumey,  III, 
Popular  Mechanics,  December  1980,  pp.  112-13. 

Informational  Sheet:    A  Consumer  Guide  to  Fuel  Savings  by  National  Energy 

^-T  Research  Institute. 
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ACTIVITY 


A.         Each  student  will  participate  in  a  lecture  describing  how  automated 
controls  increase  efficiency* 

B*         Read  Popular  Science  article  on  MFC  meter  and  draw  a  schematic 
illustra^iinj^  the  methb.d  of^  operation* 

C*         Arrange  for  st.udent:*s  to  ride  in  vehicle  with  MPG  meter  to  see  how  it' 
functions* 

D*  Set  up  a  road  race  with  three  comparable  cars  with  the  same  amount  of 

fuel*  One  experimental  car  would  have  speed  control  and  one  would  hav 
a  microprocessor  and  one  conventional* 


FEEDBACK 

Objective  A  Check: 

Compare  schematic  drawing  with  mark-up* 


W  C 
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POST- CHECK 

ENERGY  EFFICIENCIES  IN  THE  TOTAL  AUTOMOBILE  OPERATION 

DIRECTIONS.:     Complete  the  puzzle  per  Birection, 
IP-1.  ' 


ACROSS 

K    the  device  that  allows  different  gear  ratios  for  different  speeds 
DOWN 

2,     the'  device  that  transfers  motion  to  the  rear  axle 

A-    the  device  that  allows  the  engine  to  run  slower  while  maintaining  the 
same  speed  through  an  advantageous  gear  ratio  . 

IP-'2 

6-  aerodynamic  drag 
ACROSS 

7-  apposition  of  tire  motion  " 

8-  increased  economy  due  to  a  decreased  load 
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3-     the  device  that  automatically 

5-     the  device  that  automatically 
ratio 

9-    a  vacuum  operated  device  tnat 


maintains  the  same  speed 

adjusts  2ngine  functions  such  as  fuel/air 

indicates  fu<^l  economy 


MODULE  TWENTY-TWO 


CONSERVING  ENERGY  THROUGH  AUTOMOBILE  ENGINE  MODIFICATIONS 


Prepared 
by 


Tom  Hill 
Ohio  Northern  University 
Ada/ Ohio 


Doug  Adams 
Industrial  Arts 
Chapel  Hill-Carrboro 
School  System 
Chapel  Hill,  North  Carolina 


USDOE  Sponsored  Faculty  Development  Workshop  qn  Energy 
Conservation  for  lAE  at  North  Carolina  State  University 
June  1981  -  R,  E,  Wenig^ .Director 
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CONSERVING  ENER<r^  THROUGH  AUTOMOBILE  ENGINE  IBODIFIGATIONS 


Americ^BS  are  finally  realizing  that  efficiency  is  important.'  To  a  large 
degree,  they  are  reaching  this  level  of  awareness  by  cost-supply  factors 
diminishing  natural  resources.    Many  have  concluded  also  that  the  "miraculous" 
synfuels  technology   presents  no  guarantee  of  meeting  our  energy  needs.  This 
learning  sequence  will  directly  affect  your  awareness  of  obtainable  efficiency 
through  engine  modifications  and,  indirectly,  imbue  a  spirit  of  protecting  our 
liJtiited  resources,  ^ 


NOTE:    This  instructional  module  is  a  beginning  point  in  the  study  of  engine 
modifications.    By  no  means  should  this  be  considered  a  detailed  course  out'- 
line..    Instead,  this  module  represents  a  broad  prospectus  which  each  teacher 
can  modify  and  add  the  detailed  information  necessary  to  accomplish  energy 
conservation  in  this  particular  area. 


TERMINAL  PERFOKIANCE  OBJECTIVE 

Each  student, will  describe  and/or  demonstrate  recent  advances  in  auto*- 
mobile  power  conversion  through  engine  modifications  as  determined  by  a  score 
of  95%  or  higher  on  an  objective, 

INSTRUCTIONAL  .PACKAGES  ^KNOW  NEED 

IP-1,  I     New  Propulsion  Designs  

IP-2,        Engine  Modifications    '   

IP-3,        Fuel  Systems  Modifications  -   

lP-4.        Energy  Exhibition  (Optional)  "   
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PRE-CHEaC 

COKSERVI>?G  ENERGY  TIIROUCH  AUTOMOBILE  e^GIKE  MODIFICATIONS 


DIRECTIONS:    Check  your  answers  vith  the  pre-check  key.    If  you  make  less  than 
100%  per  section,  you  will  need  to  devote  time  in  learning  about 
this  area* 


IP-I. 


New  Propulsion  Designs 

i 

1.  Another  name  for  a  rotary  engine  is 

A.    Offenhauser      B.  Stirling  cycle      C.  Uankel      D.  Carnivorous 
cycle 

2.  A  car  that  converts  both  electrical  and  chemical  energy  into 
mechanical  energy  is  referred  to  as 

A.  hybrid  B.  multiples-capacity  C.  Rankine-cycle  D.  internal 
combustion  gasoline  engine 

3.  An  external  combustion  engine  already  proven  to'  have  a  thermal 
efficiency  of  close  to  40%  is  the 

A.  Stirling  engine      B,  diesel  engine      C.  gasoline  automobile 
engine     D.  Wankel  engine 


IP-2.       Engine  Kodif ications 

  1.    A  device  that  eliminates  the  need  to  adjust  the  dwell  (setting 

the  points)  is: 

A.  electronic  ignition      B,  standard  ignition      C,  super  timing 
phase     D.  fuel  injection 

  2.    A  device  used  to  store  energy  in'a  rotating  disc  is  the; 

A.    Brayton  cycle      B.  Besler  condenser      C.  electronic  ignition 
D.  flyrv'heel 

 '  3.    The  process  of  using  fewer  pistons  to  provide  power  for  the  auto- 
mobile is  'referred  to  as: 

A,  a  regenerator  B.  turbocharging  C.  the  V8-6-4  D.  a  rotary 
engine 


IP^3.        Fuel  Sj^steo  Modifications 


1. 


2. 


Injecting  a  fine  spray  of  H2O  into  the  fuel  stream  in  order  to 
increase  fuel  economy  is  referred  to  as;  . 

A.  fuel  .injection  B,  electronic  ignition  C.  water  flooding 
D.  water  Injection 

The  process  of  converting  fuel/into  a  gaseous  state  before  it 
reaches  the  carburetor/intake^anif old  Is  referred  to  as; 
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PRE-CHECK 
(Continued) 

A,     fuel  vaporization      B,  fuel  cell  fuel  injection      D.  a 

free-*piston  engine 

The  process  of  forcing  extra  fuel/air  jnlxture  Into  the  cylinder 
is  referred  to  cs 

A.  vapor-cyclr  B.  superctiarglng  C.  turbocharglng  D.  trans- 
ducing        '  ' 

with  the  use  of  water  injection,  the  compression  ratio  of  k 
typical  gasoline  automobile  engine  can  be  Increased  to  approxl^ 
mately  as  high  as  - 
A,  8.5:1      B.  11:1      C.  13:1      D.  16:1 
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CONSERVING  EMERGY  THROUGH  AUTOMOBILE  MAINTENANCE 

PRE-CHECK  KEY\ 


.        Hew  Propulsion  Designs 


1.  C 

2.  A 

3.  A 


IP- 2 ,        EnRine  Modifications 

1.  A 

2.  D 

3.  C 


IP-3 ,        Fuel  Systems  Modifications 

1.  D 

.    2.  A 

3.  B,  C 

4.  C 
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CONSERVING  ENERGY  THROUGH  AUTOMOBILE  ETIGINE  MODIFICATION 

IP-X,        New  Propulsion  Desl^as 

OBJECTIVES     .  ■  ,  '  . 

Upon  completion  of  this  iiistructlonal  package,  you  will  be  able  to: 

A,      Describe  and^r  construct  at  least  one  new  propulsion  design  which  would 
result  In  greater  fuel  economy, 

RESOURCES ;    Alternative  Engine  Designs 
Books; 

Alternatives  to  the  Internal  Combustion  Engine  by  Robert  U.  Ayres,  Baltimore;  , 
The  Johns  Hopkins ^ University  Press,  X972,  Chap,  7-XX, 

Aiitociobile  Engines  of  Today  and  Tomorrow  by  Irwin  Stambler,  New  YorT^:;  Grosset 
and  Dunlap,  1972,  Chap,  2.  4-8, 


Magazines:  '  . 

"Axial-Piston  Rotary  Engine''  by  David  Scott,  Popular  Science,  August  X980, 
pp,  80-82,  113',     ■  ^ 

"Mazda  RX-7"  by  Michael- Lamm,  Popular  Mechanics,  October  X980,  pp,*  86,87,200, 
20X, 


- €ai:^t^ie^otar y-Ettg±rte  ^Survx^^e  ih^  ^00  ^i>?"  bv  Tua-y^Asseitaa.  roptribaT^4techaa3bc 
October  X9S0,  pp,  83-85>  206.  ^  ^ 

**Mercedes  Gas  Turbine"  by  Jan  Norbye, '  Popular  Science,  Marph  X98X>  pp-  23,24, 


RESOURCES;    Hybrid  Systems,  ,  . 


Books: 


Same  as   Alternative  Engine  Designs^  Resources-IP-X -  Alternatives  to  the  [ 
Internal  Combustion  Engine,  Chap*  12* 

Same  as  Alternative  Engine  Designs'  Resources-IP-X *  Automobile  Engines  of 
Today  and  Tomorrow,  pp,  X08,  9X,  X09,  X25, 
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RESOURCES:    Hybrid  Systeias  cont. 


Magazines: 

?rop-ln-a-Barrel  Car  by  Curney  Williams,  III,  editor.  Popular  Mechanics,  April 
1981,  p,  130.  ' 

Build  Your  Own  Hybrid:    HI*s  Urban  Town  Car  by  Robert  Riley    et  al..  Mechanics 
Illustrated,  February  1981,  pp.  61-64, 

"Can  the  Hybrid  Car  Really  Help  Us?" by  Doug  Bartholomew,  Mechanics  Illustrated, 
February  1981,  pp.  65,  127. 

'*Runnlng  on  ¥lnd  and  Suri*by  Gurney  Williams,  III,  Popular  Mechanics,  February 
1981,  p,  148. 

"An  84  >fPC  Wrbo-Dleser'by  Mort  Schulz,  Popular  Mechanics,  August  1979,  pp.  42- 
^^^^Jfp^  154-158, 


"An  Amazing  75-MPG  Hybrid  Electric  Cax"by  Robert  W.  Marshall,  The  Mother  Earth 
Ne?a.,  July-August  1979,  pp.  160-161.  - 

"Mother*s  Own  Hybrid  Car,"  The  Mother  Earth  News,  September-October  1980,  pp.  108- 
110.  ^  - 

"75  Miles  Per  Gallon, '"The  Mother  Earth  Kews.  March-April  1978,  pp.  94-95. 


RESOURCES: 


Books: 


Running  on  Empty;    The  Future  of  the..  Ant  mobile— in-an-Oil  Short  World  by  Lester 
R.  Brown,  et  al.,  Kew  York,  I^Y:    V.W.  Norton  and  Conpany,  Inc.,  1979, 
pp.  50-63. 

Magazines; 

"U,S.  MPG  Champs"by  Jim  Dunne  'et  al..  Popular  Science,  January  1981,  pp.  39-46. 

'*GJt  Designs  for  the  *80*^'by  Jim  Dunne,  Popular  Science,  January  1981,  pp.  86- 
88,  132,  >  r  " 

"Technical  Innovation:    Hallmark  of  1981  Autos*'by  Roger  Rowsnd,  Crossroads, 
November "December  1980,  pp.  S-15,  50. 

*'Deslgned  for  Tomorrow"by  Howard  Keiilg,  Crossroads >  May-June  1981,  pp.  10-12. 

*'Detrolt  Preview:    Fuel  Efficient  Designs  for  *S2  and  *83  by  Jim  Dunne,  Popular 
Science,  June  1981,  pp.  84-86. 

'Icai  "Pioneers  Stirling  Engineering  and  Fine-Tunes  for  More  MPG*'by  Jim  Dunne, 
Popular  Science,  October  1980,  pp.  118-1,20. 
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ACTIVITY 

Do  each  one  of  the  activities  listed  below: 


A.  Review  one  or  pore  of  the  itrstructional  resources  listed  on  the  preced- 
ing pages.  ♦ 

B.  Read  the  directions  and  complete  the  following  activities. 
Each  student  will: 

1.    Participate  in  the  discussioji  of  operational  theory  through  lectures 
and  demonstrations  of  cut-a^way  modelCs). 

*2.    Draw  one  cliart  (chosen  from  a  list  provided  by  the  instructor).  The 
major  components  will  be  shown  and  identified  on  each  chart. 

*3,    List  and  define  the  major  components  fron  the  chart  drawn. 

*4.    Modify  and/or  operate  one  new  propulsion  design  in  order  to  determine 
fuel  economy  as  compared  to  a  conventional  engine.    The  instructor 
will  provide  a  worksheet  for  the  purpose  of  determining  efficiency. 


*  Activities  2^3  and  4  should  be  carefully  coordinated  by  the  instructor. 
This  is  to  assure  that  the  students  ivill  have  ^dif f erent  activities  in  order 
to  cover  and  then  be  able  to  share  all  areas. 


FEEDBACK 

Each  student  vill  complete  the  following  objectives: 
Objective  A  Check: 

1.  Turn^  in  the  appropriate  chart  and  list  of  definitions  to  the  instructor, 

2.  Turn  in  the  worksheet  to  determine  the  efficiency  of  the  lab  experiment. 

If  all  of  the  feedback  objectives  have  been  satisfactorily  fulfilled  (for  this 
determination^  contact  the  instructor)  ^  turn  to  the  next  instruct iona:l  package. 
If  you  have  failed  to  successfully  complete  each  feedback  objective^  notify 
the  instructor  for  further  guidance. 


CONSERVING  ENERGY  THROUGH  ADTOtlOBILE  ENGINE  MODIFICATION 


IP-2.        Engine  Modifications  • 
OBJECTIVES 

Upon  completion  of-thls  instructional  package,  you  will  be  able  to; 

A.      Describe  and/or  construct  at  least  one  engine  modification  which  would 
result  in  greater  fuel  economy. 

RESOURCES:    Electronic  Ignition 

Books :  ' 

deneral  Power  Mechanics  by  William  H.  Crouse    et  al..  New  York,  NY;  McCrai^ 
Hill,  1976,  pp-  184*188. 

Automechanics  by  Harold  T.  Glenn,  Peoria;    Charles  A.  Bennett  Company,  1976,^ 
pp.  289-292. 

Running  Qn  Empty;    The  Future  of  the  Automobile  dn  an  Oil^  Short  World  by  Lester 
R.  Brown,  Hew  York,  NY;    W.W^  Norton  and  Company,  Inc.,.  1979,  p.  58. 


Magazines;  , 

*'Uhder standing  Electronic  Ignition  Systems**by  Dave  Bowman,  Popular  Electronics, 
July  1981,  pp.  61-*63.  .  . 


'^Servicing  .Your  Car's  Electronic  Ignltlon**by  Richard  Day*  Popular  Science,  May 
1979,  pp.  147-156, 

V 

RESOURCES;    Flywheels;     Storing  Motion  -  Books 

Alternatives  to  the  Internal  Combustion  Engine  by  Robert  U.  Ayres,  Baltimore; 
The  Johns  Hopkins  University  Press^  1972,  pp.  109-113,  211,  234-237, 
262-263. 

jjqitomoblle  Engines  of  Today  and  Tomorrow  by  Irwin  Stambler,  New  Yorlc,  NY: 
Grossett  and  Dunlap,  1972,  p.  11. 

MAGAZINES;  ^ 

*Battery-Savlng  Flywheei*by  Susan  Renner-*Smith,  Popular  Science,  October  1980,* 
pp.  82-84,  160,  161. 
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RESOURCES;    Flywheels:     Storing  Motion  cpnt. 


"Engine  IJcver  Idles  as  Steel  Flywheel  Spins  Out  Savings!' by  Gurney  Williams,  III, 
'editor.  Popular  Mechanics,  June  1981,  pp.  98,99. 

"Search  for  the  Perfect  Flywheel*'  by  Susan  Renner^-Smith,  Popular  Science,  January 
1980.    -  '  ^ 


Information  Sheet:  < 

Flywheels;     Storing  Energy  as  Motion,  United  States  Department  of  Energy, OPA  " 
001  (11-77).. 


RESOimCES :    Reduction  of  Cylinders  Used 


Magazines: 

''Cadillac*s  Revolutionary  3-in-l  V8"by  Jim  I>:nne,  Popular  Science,  October  1980, 
pp.  121,  122.' 

*'Smokey  Shrinks  GM*s  V6  into  a  50  +  MPG  3-Cylinder  Engine?*  by  E.^lg^^Lindsey, 
Popular  Science,  September  1980,  pp.  48,  50. 

•*The  Rise  and  Fall  of  the  V?  Engin^' by  Rich  Taylor,  Popular  Mechanics,  December 
1980,  pp.  75-79,  119,  120. 

'^at  you  Should  Know  before  Converting  your  VS  to  a  V^*by  Tony  Assenza    et  al., 
Popular  Mechanics,  December  1980,  pp.  80,  81,  121. 

"Convert  Your  V8  to  a  V^*by  Michael  Roach,  The  Mother  Earth  News,  July-August  1979, 
PP-  144,  145. 

**2-ih-l  Engine"by  David  Scott,  Popular  Science,  July  1979,  p. 60. 


Information  Sheets 

V8  to  V4:    It  Is  Feasible  and  Economical,  Ohio  Northern  University,  IP-2. 


Flywheels:    Storing  Energy  as  ifotion 
f       (Department  of-  Energy) 


(Place  informatlpTi  sheet  here 
see  original  module) 
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IKFOKMATIOK  SHEET  IP-2  ^         .  ' 

V8  to  V^t: 
It  Is^  Feasible  and.  Economical 

Several  years  ago,  I  came  to  the  conclusion  that  I  could  no  longer  drive 
my  CIX  truck  (307  V8)  because  of  its  terrible  fuel  consumption.    The  logical 
choices  seemed  eitlier  to  sell  the  truck  or  install  a  six-cylinder  engine.  A 
friend  suggested  that  I  convert  it  into  a^"four-cylinder,*'    At  first,  I  laughed. 
However,  the  more  I  thought,  the  more  plausible  the  idea  seemed.    Four  pistons 

would  do  the  work.    The  other  four    "dead"  cylinders  would  still  reciprocate, 

"  ^  ^ 

producing  no  power,  but  maintaining  the  balance  of  the  crankshaft. 

N  ■  - 

To  make  a  long  story  short,  the  fpllowixig  factors  had  to  be  considered: 

J-  ' 

(1)  prevention  of  compression  in  the  four  "dead"  cylinders; 

(2)  prevention  of  fuel  from  entering  the  "dead"  cylinder; 

(3)  regulation  of  carburetiori  to  the  good  cylinders. 

These  factors  were  achieved  successfully  with  very  little  material  cost. 

I  now  have  over  10,000  miles  on^the  converted  engine.    The  best  part  is 
this;     I  increased  my  mileage  rating  from  approximately  ll^mpg  to  17  mpg 
overall,  20  mpg  for  highway  driving.  ,        ^  ^ 

KOTE;    At  a  later  date,  I  am  going  to  prepare  a  papeir  detailing  precisely  - 
the  method  of  conversion  used.  .  If  you  would  care  to  have  a  copy,  notify  me  at 
115  West  Lehr  Aveiiue,  Ada,  Ohio      45810,    I  will  mail  the  report. when  it  is  . 
available. 

Tom  Hill,  Instructor  '  \ 
Ohio  Northern  University 


ACTIVITY 

Do  each  one  of  the  activities  listed  below: 

A.   ;  Review  one  or  more  of  the.  Instructional  resources  listed  on  the  preceding 
'  p^es. 

Read  ,the  directions  and  complete  the  following  activities. 
Each  student  will; 

L-    Participate  In  the  discussion  of  operational  theory  through  lectures 
and  demonstrations  of  cut-a-way  model(Sr),'. 

Prepare  a  research  pap^r  concerning  ^n  energy  conservation  topic  , 
(chosen  from  a  list  provided  by  the  Instructor). 

Modify  arid/or  operate  one  modified  engine  In  order  to  determine  fuel 
economy  as  compared  to  a  conventional  engine.    The  Instructor  will 
provide  a  worksheet  for^the  purpose  of  determining  efficiency- 


*Acrtivities  2  and  3  should  be  carefully  coordinated  by  the  instructor.    This  is 
to  assure  that  the  students  will  have  different  activities  in  order  to  cover 
and  then  be  able  to  share  all  areas. 


.  FEEDBACK 

Each  student  will  complete  the  following  objectives; 
Otglectlve  A  Check: 

L,      Write  a  report  on  fl3^^heel  use  In  energy  conservation. 
Hand  to  the  instructor  tHe  assigned  research  paper. 


2. 
A. 


Turn  in  the  worksheet  used  to  determine  che  efficiency  of  the  lab  experi^ 
ment.  ^     '  ' 

Dlagram'^a  coTtventlonal  and  electronic  Ignition  and  explain  the  differences 
and  similarities*        "  ^ 

5,      Write  a  report  on  cylinder  size  and  Its  Influence  on  automobile  energy  fuel 
and  power  consumption.  - 

~     ■  ■  V  7' 

If  all. of  the  feedback  objectives  have  been  satisfactorily  fulfilled  (for  this 
determination^  contact  the  instructor)^  turn  to  the  next  instructional  package. 
^  If  you  have  failed  to  successfully  complete  each  feedback  objective^  notify  the 
Instructors  for  further  guidance. 
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CONSERVIKG  raERGY  THROUGH  AUTOftOBILE  ENGINE  MODIFICATION 

IP-3.        Fuel  Systems  Mocllf Icatlons 
'  OBJECTIVES 

Upon  completion  of  this  instructional  package,  you  vlll  be  able  to: 

A.      Describe  and /or  construct  at  least  one  fuel  system  modification  vhich  would 
result  in  greater  fuel  economy, 

RESOURCES:    Water  Injection 
Books; 

The  Whole  Truth  about  Economy  Drivine  by  Doug  Roe,  Tucson:    H.P.  Books,  1975, 
pp.  81-82.  _ 

Magazines; 

"Water  Injection;    How  It  Works,  How  to  Iifistall  Itf'by  Dave  Baanuel,  Mechanics 
Illustrated,  Jlarch  1981,  pp-  92,  13A. 

"Ron  Novak^s  Do-It*-Yourself  ^^J^atej  Injection  ^Systemr  The  Mother  Earth  News, 

November-^Deceniber  1979,  pp.  IIA,  115.  -      ^  - 

'*Water  Injection  Wizardry ,"The  Mother  Earth  News,-  September-October  1979,  p.  A6. 

*'Water--lnjected  Turbocar^  Popular  Scieiace,  August  1979,  pp.  122,  123. 

Information  Sheet;  .  • 

i 

A  Consumer *s  Guide  to  Fuel  Savings,  National  Ener^  Research  Institute.  - 

RESOURCES^  Fuel  Vaporization 
Magazines:  ^ 

*The  Search  for  a  IJo'-Uaste  Carburetor"by  Bruce  Kennerstrom,  Mechanics  Illustrated, 
July  1974,  pp.  A7,  A8. 

Information  Sheet: 

A  Consumer's  Guide  to  Fuel  Savings,  National  Energy  Research  Institute. 

.  '  * 


RESOURCES:    Turbocharging/ Supercharging 


Books: 

The  Whole  Truth  About  EconomY  Driving  by  Doug  Roe,  Tucson:    H.P.  Books,  1975, 
pp.  83,  84. 

Supercharging  of  Internal  Combustion  Engines;    Fundamentals,  Calculations,' 
Examples  by  K.  Zinner,  Chapters  1,  2,  and  4, 

Running  on  Empty:    Th^  Future  of  the  Automobile  In  an  Oil  Short  World  by  Lester 
Brown    et  al,.  New  York:    W.W.  Norton  and  Company,  "^nc,  1979,  pp.  58,  59. 

Magazine^:  ^ 

"S-s-s-supercharcer!"by  Gurney  Williams,  III,  editor.  Popular  Mechanics,  March 
March  1981,  p.  1A5. 

*'No-Knock  Turbocar"by  David  Scott,  Popular  Science,  April  1981,  p.  14. 

"TurUocKarglng  Puts  the  Zap  Back  in  the  2-car*'by  Michael  Lamm,  Popular  Mechanics, 
June  1981,  p.  85. 

'*Taklng  Care  of  a  Turbocharger"  by  Tom  Tappett,  Mechanics  Illustrated,  January 
1979,  pp,  98-106. 

'*Water-InJected  Turbocar*'by  David  Scott,  Popular  Science,  August  1979,  pp.  122, 
123. 
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A  CONSUS^ER'SGUSDETO  FU£t  SAVSi^GS 


This  pamphlet  is  designed  to  provide  ihir  consumer  with  accuri'Jte  inJbnnstio;:*  concerning  Jut! 
economizing  tccjmiqucs.  Every  e/Tort  has  been  made  to  make  this  presentation  as  clear  sdU  conr^ 
as  possible.  The  pamphlet  is  divided  into  two  scctio»s-  The  firgtscctiort  lists  t^isse  things  wlikh  mi 
drivers  catt  do  to  cut  their  gasoline  expenses  insmcdmieV,  The  second  section  desaibes 
modifications  ni;)de  to  a  1977  Chevrolet  Impala  which  implemented  old,  weU-krxwR  icciuiOicgi-rs  Vd 
improve  its  efficiency,  • 

SECTION  I: 

The  list  which  follows  is  a  compilasion  of  information  from  the  Department  of  TraaspOTtatioa, 
the  Department  of  Energy^  The  National  Aeronautics  and  Spfice  Admiosstratiop*  and  coixntlcss 
academk  and  rcscaich  institutes.  The  order  in  which  items  are  presented  is  nol  an  Indication  of 
their  rctatiw  importance.  Occasionally  certain  brand  names  or  raanufaauT^rs  are  recominendci 
These  recommendations,  which  'arc  provided  for  the  consumer's  convenience,  arc  tss^  on  <fa?n 
provided  by  the  manufacturers  and  testing  done  by  indepcndcni  ngencJeSw 

Oils  and  Lubrkants 

(1)  Tlie  ncxl  time  you  change  your  oil*  change  to  a  "low*frictiori'*  oil.  We  SwOngly  reccmiiicnd  oiis 
containmg  graphite  cr  other  "slippery"  additives  lik^  those  in  EXxon  Unifio  or  the  new  Jow-ixictiim 
oils  fn>m  Sunoci>  and  Gnlf,  'ITiesc  oils  cost  abouv  the  same  as  standard  nuhigradc  oiJs  but  can  fc^ 
expected  to  l^rovidc  a  2  to  4%  improvement  in  ,ftiel  economy,  'l^ey  also  7^*duce  ciijcine  wear* 
When  ^stng  graphite  oils,  care  should  be  taicen  to  avoid  the  i:sc  of  doi;ble  oil  fillers  as  these 
sometimes  tend  to  clc^    \<7iere  wiJl  be  no  problems  however  tisisg  a  snuviard  o:i  fiUcr, 

<2)  Change  engine  oil  and  filter  frcquenUy,  Never  exceed  the  ^-^oinmended  Oii  change  luKfvij!?, 
This  wiil  cause  unnecessary  vycar  of  the  inccmal  engine  p^rts  resulting  ir*  decreased  MPG  and 
reduced  engine  life.  Some  new  oils*  especially  the  synthetics,  claim  expended  oR  change  intcrv'shL 
Altiiough  the  oil  itself  does  not  breakdown,  there  is  an  inctcase  of  combostior.  by*]>nxiucts  ^.vhic« 
coDtsminatil  pJC  oii  and  cause  increased,  eagiric  wear.  K;cn  £hc£e  extcndcd-lifb  oils  should  he 
changed  at  frequent  interval  for  maximum  engine  protection  and  Juci  ecciiomy.  If  \^  doubt  aboti^ 
oil  change  intervals,  use  Lhe  following  as  a  guide: 

/  Qiy  Drixing  Highway  Diiving 

New  Cars        -MXX)  miles  ^      4000  sniic.- 

C]dcrCar3       4-5000  miles  >&G0!)  frJ^s^ 

Tlie  investment  of  a  small  amot^nt  of  money  periodically  v/!Jl  ixsuk  in  substantia!  Ibcl  savings  and 
longer  engine  life. 

(3)  Add  z  high-pressure  fricdcn  modifier  such  as  n:olybdc>jum  disulfide  to  the  !ubrican*5  in  (he 
niar  axle  and  cwiiual  transmissinti  {if  you  have  one).  Addition  of  ihis  compwnd  will  heip  maintaia 
d:e  fnctiO?*-rcducing  qualities  of  these  lufcrican'xS  over  a  large  range  of  operating  cendsUons. 

TirtS  , 

(1)  Tires  are  an  extremely  important  factor  in  fue;  ccontTimy-  If  you  ;ire  sbout  buy  n^w  tires  you 
should  know  diftt  radial  tires  arc  better  thar>  bias-ply  of  bias-bcUcd  tires,  avid  thtt  low^Iiing 
resistance  radiats  i\rc  bcucr  than  standard  radbJs.  ITic  Gor^dycar  Anim  is  an  cxceptscn^i'iy  e:l^vicii^ 
io;yiO;lmg  rcsis'jince  tia*  which  can  be  expected  iq  gJvc  a  4-6%  fue!  s^^vings  fivcr  fCf'Jlar  raafaJs. 
Since  the  Arnwi  cos:s  about  liie  same  as  ordinjury  n^diaK  wo  stTMgiy  nxorrim^n'i  it  as  ?i 
,  rcplacom^nl  tire.  , 
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iho  iVta^injun:  r;comn^cr.dCiJ  pressure  (use  ihc  f^Hiui:  s^:i:n;>cd  ?n  tiii  sitic  of  tire;.  ^Pis  prc:=f'j;c 
shoold  be  c1k\S^c  J  w'ncri  C^,c  VtT^s  arc  coU  {lc.  tcforc  rhc  c:ii  j;;  driven)-  Strict  tiv*  f:ra~M::^  'iaiis^;^ 
on  gas  suiinn  a:r  pufiips  arc  almoii  ;^-Iways  ir*^cciu:tic.  ir  imprirraa*  ti:at  you  I:i;y  2  good  tJt: 
pressure  t;:iu£c  (co>t  -  S2-3,0f)).   fire  crcssiirc  should  be  chccSied  *j^tx\\y,  es?*;cbliy  on  •'acliaj 

ij)  Periodic  (ire  mulioa  is  rccomsncndcd  or.Jy  for  hias-ply  cv  biax-bcUcd         Do  not  rotate  r^aid, 
tire^  unless  tncy  show  ^jgns  of  uhusu;.!  or  *ibnc*rTt:xl  uc^ir.  Radial  tircti,  in  the;;  notivia:  lift:,  wrid  u> 
v<car  in  ;i  ccrLi-n  *"g:cK*ve''  where  r03cl  contact  is  muiic.  SUTti^ij-rcsiSuace  Is        [ni;iijr*i:ni  wh::'> 
radi  vi  lirci  or^caio  ji^  ihSs  fashion,    Because  of  viccr<uscJ  njUing-rcsiiiHOc^,  UJ';i  co>:ic:icy  h 
increased  an;J  urc  ^(c  extended.    If  rndial  ures  arc  aiirz-^d,  u^^y  mas:  i^ov/  ^c-v  into  a 
"grcovc",     Hiw  increases  roHing-fcsiscince  and  dccrcaici  arc  litt, 

{4^  Habncin:;  .ind  i^'hcvl  ^^isn^iicni  are  ^>:ry  i;ri^^rt,t;V,  ff^r  pn^pcr  vc^^ric  haiidJ^ij^  3S  v/^H  as  for 
good  facl  ccon\:my  ai;d  !oris  I'rc  life.  Bo^ii  .(^f  ihetiC  iciju^tn;^nt^  arj  c$pec;i:Jy  important  ii  yon 
h*iv<!  r;idial  litcs.  Whc-n  having  urcs  irjsuiMcd,  ^'s.  your  mcch-^riic  to  fc^L'oi^cc  r^c  tjre  -  d&cr  ftzic 
Of  dynamic  (.Vvommcndcd  for  rsdials).  Also  h^ve  him  s^Jt  aiignmcn:  as  foito^vs:  :iCpji^\  toe-in. *ind 
carT;bcr  to  irsir.inuni  scuiog  reccrnmendcd  by  vr,hicic  iranufaciurcr,  :ind  z/C:i  o^icr  tc  masinoni 
posidvc  u:Uir\£  specified  by  nianiif^ccurcr, 

(1)  iUv'i  C::  engine  fitned  pcnodically.  An  ouvof-tT;nc  eng^j^t  cz^  rausc  a  10-15*^*  d?:*:;t:cse  in 
cconcmy.  An  c?£inc  iliouM  be  tunitt  ever/  19,000  miles  cr  ever/  six  *r.tHrJ;'i,  whlc^^over  cccl;?^ 
first  Rcpi*>:e  ^ozrk  piugs  at  rcccnuncndetJ  iin:ir*'a!s;  in  an  '3-cyi;ndcr  r>ai\  iwo  foulcti  J  !-;3s  c^: 
your  fbcl  cct-:TOrny  by  20%, 

(2;  KepJ^icc  ihz  PCV  (po$::ivc  ci^n^cciisc  vfnsibiion)  ':ahc  pcnocjcaily,  Tn*  PCV  v^-ci 
niai^Diri  a  b;;Ur!Ct;d  aif/fuc!  rn:xLLife  in  iJie  incai-:  ir*ai:;ru7d  A  clogged  PCS-  rar^Jt  in 

poor  engine  pcrforrnan^e  and  decreased  fuel  ccctior^iy-  A*-so,  chc  lack  0'  :iU'T:cte-:t  cranl;case 
venUIatioa  can  Icsd  to  ^icavy  sludge  forniatiou  and  ^^rtf^ii*;  damage?, 

(3)  The  auton^auc  cho^c  thocld  move  *ree]y,  laspcct  it  p-^riodicaliy  and  ^djus!  il  tf>  jroptr 
postcioa         pena'iiici  of  ;*  smck  cr  mi*:iaji:sied  choke  'iin  be  as  much  is  5  mUes  per  sstloiL 

(4)  Chccl  air  fikcr  ofrcr,  and  rcp?*K;c  when  diriy,  A  cicgs^  airM*]i;cr  can  CL-t  ftid  <x 0  loavy  by  £S 
mucJi  as  1  rnii^  per  ^ation-    Rephce  fui:!  liters  a*;  vccommccd^d  by  :-^^ni:fi^Oircr- 

(1)  Use  the  facl  and  o:tane  ratiiig  recommended  for  your  car.  By  urJnsc  s^jnViri;  tco  !o.v  in 
octane  racing  you  sa^c  a  few  cents  b;::  you  increase  the  iikciihcod  of  Vnociin^,  c:spc^i^!iy 
highway  speeds  or  durin^j  r&pid  ;iCcclcraiion  cr  uptrJl  drivina.  JCnocons  \s.  c^tJNjd  by  the 
incomplete  combustion  cf  I\icl  in  ilic  cylinders.  The  i::ibiirri2d  fiici  er^'Crs  ihe  exhau^^  iTtanifoid  z^A 
explodes  there  Since  fiie':  econtJiny  can  decrease  by  ni:much  as  27%  dur^nj  kn^^}:,  you  4jcl;e:;^y 
lose  money  by  using  a  foCi  with  too  law  an  octare  tiAh^  Oa  ihe  otncr  hand,  don'r  usi  i^reniun; 
fijcls  if  your  j^r  runs  fine  on  regular.  You  won't  get  any  bcuer  gas  jni^ea^se  and  the  <;?:iri4  ociaiic  b 
wasted. 

(2)  Use  gasohoJ  10  reduce  knocJcing.  C^hol  coniains  lG5i  ethanol  V9  t>r:ri5  ga^j;M-:c,  1  part 
c*Lhanoi)  which  he-DS  10  ■•icrcasc  f^ci  xXtane,  reduci:]g  kntx:yng  and  n;?:-on  pn:^i<r3!S.  you  :?vf)^i 
to  gasohol  be  sure  to  repiace  your  fuel  HUir  ificr  your  hrsx  two  ti:iifi;ij£.  TI^iC:  a\:chol  in  ih^? 
gasD^iol  looscnv  diu  in  the  g2S  -^ank  ar^d  f^icl  !'r-ic  arte  ihc  tiirt  ;^ntis  ti>  feo:^;nu'?£''e  in  it^  Jifctr,  I? 
yOu  do  not  replace  L^e  fue^  fiiDsr,  it  w;!*  btt;on!«  cK;s:;Cd  rcsu^fiiig  in  poor  ^z:  OTiCa?^  ;,'^d  j>!3s^db:r; 
engine  damage, 

ft 

Driving  HabiTs 

(1)  WJicn  stuning  yo^ir  car,  do  not  p:-'i^p  J^e  ^;:*s  pcid-a,   T;:b  ck^nips  '^'^yt^  ^^An^^  trio  tlic 
caiDurctor  whkrh  can  no;  bum  completely,  ^a^j^iiily  in  :i  co:d  Cti^iji^:,   If  Jic  caf  iLi.:^^  zoi 
when  you  follow  the  ni^niifi»ctarc2S  nc*;*7;men'55d  s^rri;*^  pr5>cedrir^^  yiiw  prvnibl^  liccc;  <i  t^t^j^tip. 
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(2)  After  the  car  hns  started  don't  wait  lonj^.er  thcjn  'iO  secon'dis  to  tlrive<  Idling 
v;f>£F  voii  :^t^ro  miles  per  gnllon<  Drive  slovly  for  the  first  f<.'W  miles  until  your 
onj;  Liu^  ^nd  vutir  t  rem  sni  i     i*m  t;ot       rm »    It  t^ikt^s  nbottt  20  m  i.ntit       f<)r  y*))tr  rn  r  to 
rcncii  itt;  peak  efficictu^y.  burln^;  tho  first  Lt'w  mijt;i?  your  car  is  Likciy  to  ^k^x  only 
30-^0%  of  its  normal  ftiol  erpnomy.  This  transl;it^s  to  6-8  >tPG  for  ^  car  that  is  cap- 
able of  fretting  20  >n'G,  But  even  6-3  >!PG  is  better  than  rhc  0  HFG  you  get  by  idling, 

(3)  A\foid  short  trips  (less  than  10  milcis)  on  a  cold  engine  by  combininjL^  trip.d  when 

^s=!  i  b  Iti ,  Re^merrbor  tha  t  your  car  gets  its  wo  rs  t  gas  mileage  during  the  f  iTS  t  f ew  ^ 
of  .1  trip, 

('^)  At:ceK'rate  smoOtliiy  and  hrisk!y.  Accelerating  too  rapidly  wastes  gas  by  duinping, 
too  tr^uch  gasoline  intv^  the  carburetor,  Tliis  fi^nsi  does  not  burn  efficiently.  Acceler- 
ating^ too  slowly  force.c;  the  car  to  drive  in  a  lower^  more  inefficient  j^ear  for  a 
l<)nr,t'r' p*-:rlod  of  time.  Try  to  get  the  car  into  high  jiear  (more  efficient)  as  rapidly 
'as  pijysLhlc,   On  cars  with  automatic  transmissions^  ease  up  on  the  throttle  to  get 
the  t.ransTnlssion  to  change  into  high  gear, 

(5)  Try  t-^  maintain  a  constant  speed,  Acc<?leratin^*.  coats  more  fuel  than  maintaining 
spcv'ii.  Try  to  maintain  your  car's  momenttjm  by  ;ivoidii:g  full  stops  urhen  legally  and 
safely  possible  (at  yi<^ld  sij4ns  for  example).  Starting  from  2  mph  is  more  efficient 
thai:  starting  from  0  mph, 

(6)  Drive  at  moderate  speeds.  Most  cars  operate  at  their  naxlmum  efficiency  between 
^0  and  '^5.mph.  Driving  slower  or  faster  than  this  wastes  gas.  When  traveling  on  ex- 
pressways or  turnpikes  it  may  be  impractical  or  unsafe  to  drive  this  slowj^y  so  you 
should  maintain  a  speed  of  55  mph,  You  can  lose  as  much  as  20%  in  fuel  economy  by 
driving  70  instead  o.f  55  mph,   ^  *  '  , 

(7)  I f  ^ou  are  stopped  for  more  than  one  minute  (for  example,  at  a  drive-in  window) 
and  your  engine  is  warm^  turn  off  your  engine.     It  takes  less  fuel-  to' restart  your 

car  -than  to  leave  it  idling,  '  . 

(8)  Avoid  cailgating.  Try  to  maintain  an  adequate  buffer  .between  your  c'ar  an'\  the  one 
in  front  of  you  (usually  2-3  secorids  is  sufficient) ,  This  will  allow  you  enough  time 
and  space  to  react  . to  chan?'.es  reasonably  (applying  breaks  gradually  rather  than^  slam- 
mint:  then).   If  someone*  is  tailg;?ting  you^  increase  the  buffer  .^pace  in  front  of  you 
L^ven  more*     This  will  allov  you  enough  time  to  re.urt  slowly  so  the  driver  behind  you 
cat?  s r op ,     Don*  t  let  i hej  t.: i ter  in  timida  te  you  ini o  dr_, l v i n g  J^^JfJ^sJ  ^SHily -  Xu ni  on 
your  flashers  and  pull  off  when  conveniont  to  let  him  patJs, 

Miscellaneous 

(O  Use  a  cruise  control  device  for  highway  driving*  We  recommend  a  constant  RPM  type 
rather  than  a  constant  MPH  tvpe  (See  section  2  for  more  information), 

(2)  When  traveling  at  highway  speeds  (above  50  mph)  during  the  hot  summer  months^  use^ 
your  air  conditioner  at  a  moderate  setting  rather  than  rolling  doxjn  windows,  Thp^air 
conditioner  is  likely  to  use  less  energy  than  that  needed  to  overcome  the  increased 

drag  forces  caused  by  open  windows.  Besides^  the  air  conditioner  will  be  more  comfortable 

(3)  Reniove  any  extra  weight  you  carry.  Every  100  11>s  extra  you  carry  can  cost  you 
about  a  half  mile  per  gallon*  If  your  tires  are  in  good  condition  and  you  normally  ' 
drive  over  good  roads^  c.onsider  taking  out  your  spare  tire  (its  not  really  needed)  • 
The  tire,  wheels  jack,  and  lug  wrench  can  add  up  to  80  lbs  or  more, 

(4)  Remove  roof  racks  and  bicycle  racks  when  not  in  use.  In  addition  to  the  extra 
weight,  th^y  increase  the  air  resistance  of  the  car  and  can. significantly  decrease 
fuel  economy,  -       .  -  * 

(5)  ^uy  and  use  a  vaCutim  ^augc  (approx*  $8-16,00)   tf>  helji  de\folop  fuel  efficient  driv-' 
ing  habits.   The  vacuum  gauge  monitors  intake  manifold  xraruum  while  you  dri\fc.  The 
gauge  has  a  *high  reading  if  you  are  obtaining  good  fuel  efficiency  and  similarly  a  * 
lov  reading  for  poor  fuel  economy.  You  should  ^tri\fe  'to  maximize  tH§  reading  under  all 
driving  conditions.  With  a  littJTe  practice,  ,the  vacuum  gauge  will  help  you  drive  more 
efficientlv. 
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(5)  If  you  dix  brj&cs,  yon  Ccn  save  ioi  adriiiionai  1*1%  on  yotir  highway  drMnj.-  Disc  bn^tu-, 
bcti^iusc  of  their  dcsigji.  hav*  a  tendency  to  trzg*  whi!t  you  are  driving  *  lijcy  -ioFi't  rcTi\"c: 
coripkceiy  when  &t  fcrai^  ^  rrlcascd.  To  get  them  rstnsct  you  shotiid  fiad  a  strai^L  stretcii 
c  f  road  {two  }incs  prefcrm^dV  Kcrp  your  fo^^t  ott  iHq  brake  arsd  s^-*iech  to  tl^e  left  lane  and 
hz^:lc  tc  ih^  riant  0*J^t  TS  ij  you  were  passing  a  caf).  Because  of  the  "p=c-y"  in  your  wheel  b:rari?-2?, 
ihz  rotor  witi  n'.cvc  ^asi  enough  to  push  ihe  di<c  pads  bsck  into  ifrj^r  hotj^ung.  Kcmcrnbcr  dia!  thu 
will  work  only  for  highway  driving  where  you  don't  use  your  fcis!:^  ofteit  As  scon  ai  you  anpiy 
yOur  btafccs  again  the         *fV!U  s'^*  drssgic^ 

;?)  Keep  a  ipg  of  drivar^g  c3ciy:cses,  Includ*?  s^sctins  purchases  and  compuvi  miles  per  szilron  on  a 
wccily  basis* -Such  a  j5_aduiik)n  to  pomtins  on;  linnecc^sa/y  trips  and  iicjptj^s  yt»u  s:c:y 

*^?(hia  yo^;x  fcL'dget,  v/ill  he!p  i*.^  you  mf6nfitu~orzny  cSi^irii^es  in  your  cirs  fi%i:l  cAx^jfwv,  Jf 
yaa  suddenly  recent  a  duvp  in  T;pg,  ii  miy  b£  itn  rndicitLOnjElia:  your  l!r«  pr^ssurt?  i"  low  or  iter 

(Z)  Try  ndssharing,  or  if  yoi;r  compa?.y  promotes  it»  vanpboliitg  :o  r/orfc,  ;wo  pcopi?;  sha:^  3 

ride  to  i?/0'.1:  JJicy  y^j^-rrr^^y-hni^-rhr^^tt^^^^  h^w*  ai-r^  if  r?igy  ttTOve  seocnaclv. 

{5;  Tzkc  pub-fc  transit  vhcn  possible,  ^^^addt^ich  to  rhe  sas  yoifli  save,  you  ^von'i  h^ve  lo  pay  fa: 
n  poildj^s  spxe  nhen  you  g^t  to  yw;r  dcsti:'^tior» 


This  r^iioo  describes  inocfficattons  m^d^  lo  a  1977  O^evroict  JitsrjaU.  Thib^  :noOsUcjTij:::i3 
€03:bia£d  many  of  ?lie  ke:Tt5  discussed  in  Section  1  (tno!>i  liOiaibJy  iise  usi  of  iG\v*fn:tiGn  oil  aiTd 
tow-roiiios  r^scsrsnce  drcs)  lO  produce  ,^  38,3%  hishiva?  rnilcage  irr^^TO'-^t^^L 

The  fiist  modircaiion  Involves  tli:r  vi^  of  a  -jtiirndiScGaoa  sy^.tnL  ■  The  id^jiuor*  of  cU»nijM  / 

;her^fora  more  et5c:ti;t  cxw.bysticn.  yti\%  priiKnp:!*;  of  erhancijsg  co,^bl;siiOn  Jtr^s  I  c^;;  know:;  a 
foisj  iimc  "  U        u$ed  cc  o'ir  oii  Conaii  sirpiases  durtog  W-3rH  War 

la  order  tr-t  the  addi'-iOii  of  water  r:i  be  *::,Te?:i;vc,'it  mi''5t     .iriWi^cd  Coroiha  li.o  i;iio  a  very 
,    ftoc  in^sO  be?a^  it  enters  ^he  cyli(^dets,  ThiS       cir.     introduced  either  <it  t*^::  Ir^taKe  iViimirold 
or  3l>ovc  Ose  c?xtj^:re;cr,   ror  the  rL/\y,E  auto.  \^  gallons  cf         wep  siored  in  tw;*  5  galtoa 
tw!3  (pl^tsik  anny  surprjs  type)  fTiouii:^  upn;;h:,  one  dh  each  s>dc  of  die  tn:;i5L    A  fcos^ 
.   coraccied  :hcn  together  U3  irjur^sin  an  *rven  In  order  to  pf^)t€Ct  the  ci*,2in:-  from  ?mner3U 

jptfid  Jbrci^i  rr^acr  which  cjsmrnonjy  occur  in  tap  wntcr.  z\\  v/3£cr  should  be  filvcn;d  ihrcugh  a  goo:I 
tjuaiUy  fi];cr-  fho  liarrstaad  mode*  D39G1  is  ideally  suiuxt  fjr  mis  purpose  ani  is  ,v/cfi^ni*;e  from 
risher  Scicndfic  Co^:n^z^y  for  about  S^O.OOi  Co:i5uit  yot^r  iriephone  dSrectcfy  or  aJJ  or  ivnie  to 
'^v^;r  ScicT?t»r?c  Comp&fiy.. Corporate  Headquarters*  71!  Forbes  Avenue,  Htuburgh,  ?A  15215, 
i412>  562-  '^^OG  ibr  me  nearest  distribinor,  ^ 

Water  i5,Fi!nip<;d  rTx>tf3M  througS  ttei  Rlicr  ^jrlng  a  u'-voii  n^:jea^0!i*il  vehicle  puinp.  (Tg 
frcj^Gtni  vrhicic?;  tiiis  piini?  ts  used  to  puinp  'A'at^:?  for  a  srnaii  sfsSt,}  tlie  *^<ter  l^il^:ci  ihrou£;i 
k  s^:xi^itxi,  V3lve  id  cut  into  the  carbwrciors  air  f3^cran^,---A^th^s^h^4H^^ 

tJie  wa?cr  to  the  cart^areicr  but  it  stiil  jnyst  be  hr'^Ver!  up  into  3  Sne  iTii^L  To  do  ibis,  t^ic  ii 
i'a-ppcd  onto  z  5T^ir,n:cg  rr,etal  disk, ,  The  dish  is  ^LVdChed  to  3  17,  vol:  hfcfeby  jnoU'^r  -A^hx?^  !>piT?5  st 
*=^>Ottt  TtXI)  R^^M  (rcvoluvivins  per  minuc:}.  The  %xCii^i  rp,c%or  is  n:CViiicd  in  ihc  tL-  Hlv^c  ccvi:r. 
was  taV'ji?  ;o  kc^ip  Ae  Jinwor  itidf  dry,    A  diagrain  of  Uiis  sv£tem  fccl;>^^ 
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Sch^aoaUcView  of  Homidincatioa  Sysiem-- - 

 Tltc  iij^cm  described  above'atlds  watcf  mis;  above- the  (.aAarttorr-Vvnotfeer  system,  w?Hc2i-adds- 

har-.idity 'through  the  intake  manifold,  cart  be  purchased  as  a  kit  for  those  wfeo  might  prcfe^  to 
inaall  a  package  kit.  Ths  kit  retails  for  about  S60-00  and  is  cai'od  tiie  "KcnJct  Fuel  Economizsr 

^-S>*s:cin-.  available  from.  KenJct  Ihtemational.  3909  North  Slapoey  Blvd.,  Alba.iy.  GA  317^1.  cr 
from  many  NAFA  auto  parti  distributors.  Although  Vc  have  provided  inforiaaiion  a^oiit  a  tii,  wt 
strongly  encourage  those  with  adequate  mechanical  abiUiy  to  eortsiniei  ihcir  os'n  uniL  A  vfSier 
addition  system  of  this  type  can  provide  ber*een -7  awi  13'^>  :mpK;v«nei«  ia  efnciemg^*.  . 


SJnvcs 


Another  signficant  feeV  savings  can  be  rsalized  through  use  of  a  cruise  eont-o!  si/stsn  hyii 
■cs  to  achieve  constant  engine  RPM.  This  is  significantly  different  from  the  w^rfcinss  of  ir^st 


cruise  controls  which  attempt  -o  sense  drive  shaft  rotaiton  and  th?(i  main-.ain  that  iiTrKp^^ciiv^  of  the 


-dxreasfr  going  down  or  up  hilts.  Furthsr.  this  s>-s:cTn  docs  not  require  any  aliefat=c;.-i  tc  the  ease's 
Y^ccum"  ^stcm  >/Chich  is  u?jaViy'  required  to  irssiall  tlie  drivs  shafv  monuonng  sysicm. 

An  cntiine  RPM  crjisc.controi.systwn  can  be  parchased  at  .itcst  K-Maw  stor=s  and  sel3s  for 
atioui  $8000  1"he  system  JC-Mart  sclis  is  cailsd  -Jie  Radactor..  a  d:visio.-i  of  Mzx'f.  !v  todustnw, 
Niagra  Falls  Bivd..  P.  O.  Box  ^77.  North  Tcnawanda.  New  Vcrk-  UI20.  You  csti  wnic  to  the 
ii;aa;ifacturcr:- directly  for  ihi  address -of  the  nearest  distributer.  .. 

Th«  last  raodificauon  to  be  discussed  is  the  fuel  vaporisSdon  system.  This-along  wiA 
hamidifjcaUoiv  svstom  consiitntc  FlAMEs-prccotiditioninr.  s>'StC3i.  Before  Proceed  wiUi  uc 
dUcusaon  of  diis  component  wc  should  point  out  that  if  you  hav^  jmptthnetsted  a  gcod  rwruott  or 
tht  things 'mentioned  in  Section  1  aad  the  things  already  mentioned  above;  and  if  yc«  lun^ 
svfitched  to'gasoiiol  for  its  anti-J:nocSr characteristics,  you  have  probably  achieved  tatter  than  a  3ifSf 
improvwnent  in  your  iiighwav  fticl  economy  and  you  may  wish  to  stop  here  with  our  siacerc 
cocgrattilauons  and  thanks.  '  Having  gotten  th;$  far.  you  are  to  be  (^.uteadca  i«r  your 
COTimittmem  ic  fuel  conservation,  a.coramittmeni  which  will  provisc  an  irti^iCCMi»  rctum  hi  GOi^ 
s:ivcd  Gsn  gasoline '  expenses.  _      ;  \  ..  '  .  .'  •  . 

-W^m-r«^cct-to-FU'^ME:s^ga5oi^ri-vaporimtkM^^s^c^t,^  il^ii  ^t^:  sho-^id  onlybe. 


filtcoiptcd  bv  those  whose  incciianical  abilities  Qudify  them  lo  ms.-ts  s;5Ch  extenM\*s  rf^cu:flc^l^^r.l.,. 
Aiso  >-ou  •  should  rc-n-tmber  that  gasoline,  is  an  explosive  substance  and  the  :r.srsJ^ruon,  ox  r. 
Secondary  carburction  system  in  the  engine  companment  may  increase  the  cniir^  Oi  an  ensins 
fire,  specially  during  a  fcoat-tad  coilision. 

llie  system  works  as  folioy,-s:  gasoline  frotr.  di-:  fuel  tan's  h  dh-crtcd  to  a  vaporrjaticn  aambcr 
which  hffi  three  ou:lc:s-  one  carrying  vaporous  gawiine  to  the  jniaiie  m:;nifold  via  tl^e  i  C/  tpc^itive 
Cfankcasc  ventilation)  line,  one  using  an  aaxilliary  clcc:ric  fuel  pi£«:p  to  carry  ;i(:i»c.sasDanc  Sen? 
U-e  chamber  to  Uie  regular  carburetor,  and  th«  third  is  an  overflow  line  ^-hicj.'csmcs  ctvc^ 
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*±.;5r»r:-ir).  A  Hhcrcd  3ir  nsppiy  is  :r*irndixcd     tXc  clu:mtJcr.     order  la  cccucl  liie  is:Tovr  of  air 
'iy:A      oi:\j1ow  of  \'a^oioii  iUcI  find  air.  a  sinaii  turbine  fan  and  a  s^-vo  con'j>Dlted  natuid 
v.jivc  liivc  bcci>  u5cd-  ITtc  turrlnc  fan  is  simHar  to  tfcai  fouod  in  shop  vsccuni  ?St:op-V^c)  cleaners 
^^<E       be  purchased  ns  3  icplacrtneni  part  Troni  Scars,  Ro^b^k  and  Ca  A  sdtemalic  dias^^  of 
ifce  H-MvlH  fuci  ^*5ppnzaUCD  system  is  ttlovv- 


UVottSircoiaotOff 


Gas  Valvs 


liquid  ^teckcubcor 


"EuSirtg  PCV  Vdivc 


*  i»a>jfIauon  charwbcr  may  l«  c^^nUiwwd  otA  of  srcti 
50CT  pipe;  capped    bcih  cndi  K  is  Ii*l£<S  *iiUi  brctjic  twwI  to 


Sdicmatic  \1cw  of  Fuel  Vaporizaticn  SysCm  "  * 

llic.  advantage  of  th^  orcioli  s^^s^cm  is  that  ^^e  get  vaporous  gasoline  directly  12110  the  intake 
G3ani?oltl  atiO'Annf*  us  to  "lean"  the  carhupetor  sigaificanily.  Funhcr.  the  ^vapon^ioa  of  sasoibke  in 
fcc  chamber  cqoJs  it-^  TTiis  ;n  turn  results  in  smoother  combustion  (an  old  race  car  drivefs  trick  is 
to  cool  the  sasclinc  lines  wxiii  dry  ice.).  Extreme  care  must  be  taken  U>  adjtsi  the  fiow  of  vapOiDus 
me!  mktuie  so  that  it  corresponds  to  the  pov^^r  output  which  the  gas  peddle  indicates.  'Hais  can  be 
accomplished  by  adding  a  device  which  mcasuics^  ti^c  position  of  the  peddle  (something  like  x 
potentiometer),  however  care  must  be  ta^cn  no  to  t^estrict  the  movement  of  the  pcddte; 

Some  Snal  wOFds:  Th?  gaecSine  \'aponzatton  system  can  add  bcD^vecn  6  and  16%  to  your  fud 
s^migs  but  on  the  other  hand  it  is  dihlrah  to  install  and  even  more  difficult  to  acrur^tdy  adjust 
As  of  this  writing  no  kit  Jfbm  of  ihis  unit  is  a^^sUablc.  More  information  about  such  a  system  can 
be  fbt:nd  i:i  Mechanics  lliusimEed,  July  I974*issue  entitled  "No  Waste  CarbtJietor^*  Although  the 
_ssUcl^*  makes  rad;cr  cj^travagan:  claims  about  the  virtues  of  vaporization^  it  is  on  the  whole  a  good 
^feieiiice. 


V/e  sincercfy  hope  that  ycu  have  found  this  pscjiphtct  both  informative  and  iisefiiL  If  yoo  have 
^,^-:Gy  s£r,rtcd  to  imp'cmont  the  ideas  discussed  here;  you  qualify  a  ^\1SE  pciscm  (Working 
liidt'OiriousSy  to  Save  Ecergy),         ,  . 
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ACTIVITY  '  . 

Do  each  one  of  The  activities  listed  below: 

A.  Review  one  or  more  of  the  instructional  resources  listed  on  the  preceding 
pages. 

B.  Read  the  directions  and  complete  the  following  activities. 
Each  student  will: 

1.    Participate  in  the  discussion  of  operational  theory  through  lectures 
and^3emdns"tratlons  of  cut-^-way  model  (s)  . 

*2.    Collect  data  for  a  particular  energy  conservation  area  (chosen  from  a 
list  provided  by  the  instructor).    This  information  will  then  be 
compiled  into  a  questionnaire  for  the  public  in  order  to  increase 
awareness  of  energy  facts,  fallacies  and  possibilities. 

*3.    Modify  and/or  operate  one  engine  with  an  Improved  fuel  system.  This 

will  be  compared  to  a  conventional  engine.  The  instructor  will  provide 
a  worksheet  for  the  purpose  of  determining  efficiency. 


♦Activities  2  and  3  should  be  carefully  coordinated  by  the  instructor.    This  is 
to  assure  that  the  students  will  have  different  activities  in  order  to  cover 
and  tben  be  able  to  share  all  areas. 


FEEDBACK 

Each  student  will  complete  the  following  objectives: 
Objective  A  Check: 

1.  Write  a  paper  for  review  by  teacher  on  water  injection. 

2.  Hand  to  the  instructor  the  assigned  questionnaire*  .      .  ^ 

3.  Turn  in  the  worksheet  used*  to  determine  the  efficiency  of  the  lab  experiment 

If  all  of  the  feedback  objectives  have  been  satisfactorily  fulfilled  (for  this 
determination,  contact  the  instructor),  turn  to  the  next  instructional  package. 
If  you  have  failed  to  successfully  complete  each  feedback  objective,  notify  the 
instructor  for  further  guidance* 


ENKRGY  CONSERVATION  THROUGH  AUTQMOBILE  ENERGY  MODIFICATION^ 


iP-A.  Energy  Exhibition  (Optional) 
OBJECTIVES 


Upon  completion  ofjihis  Instructional  package,  you  will  be  able  to: 


A. 


Host  an  energy^. exhibition  for  the  purpose  of  increasing  public  awareness 
which  will  result  in  greater  fuel  economy.  - 


RESOURCES:^        '  . 

Magazines;  .  -  ^  * 

^The  Iowa  Energy  5QQU"The  ^fother  Earth  News.  November--pecCTiber  1980,  p.  124  + 


^^iJ^O^fEPirCi^  Wins  Mileage  Contest"by  David  Scott,  Popul^ar  Science,  January  1980, 
pp.  80-81.  ^ 

DRIVEC  Instructor  Training,  Institute^- for  Transportation  Res^rch  and  Education 
P+0.  Box  12551,  Research  Triangle  Park,  NC  27709. 


INTFODUCTION:  ,  ^ 

If  used,  this  could  be  a  great  tool  in  changing  attitudes  toward  energy. 
However,  this  would  definitely  reliuire  organizational  ability,  hard  work  and 
cooperation.    Therefore,  it  would  not  be  wise  to  attempt  this'uiiless  you  have 
assistance  from  your  students  and,  hopefully,  the  coannunity+  ^ 
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ACTIVITY  V 

Bo  each  one  of~tFeT'oIIwing"^ctIvitrr^^    listed  belowr 


A* 


Review  one  or  more  of  the  instructional  resources ^listed  on  the  preceding 
pages*  '     \      ^.  * 

Assemble  a  group  of  conventional  and  modified  vehicles  and/or  engines  in 
order  to  determine  comparative  fuel  economy*    Several  schemes  could  be 
used,  including: 

1)  A  marked  course  for  the  vehicles  to  travel  using  a  measur^  amount 
of  fuel*  -  .  . 

2)  Comparative  engines  on  test  stands,  ^ 

3)  Cut-d-way  models  of  various  engines* 


4)    Charts,  etc 


In  addition,  location  and  Riming  are  Important*    Some  possibilities  are: 


t)    State  Fair. 


\ 


2)  Shopping  Centers^ 

\ 

3)  Trade  Shows,  etc^ 


\ 


FEEDBACK 

Each  sAtdent  will  complete  the  following  objectives: 
Objective  A  Check: 

i.      Assist  the  instructor  in  the  planning  of  the  exhibition, 

2*     Assist  the  instructor  In  the  supervision  of  the  actual  exhibition. 


If  all  of  the  feedback  objectives  have  been  satisfactorily,  fulfilled  (for  this 
determination,  contact  the :  Instructor) ,  turn  to  the  next,  instructional  package* 
If  you  have  failed  to  successfully  complete  each  feedback  objective,  notify  the 
instructor  for  further  guidance* 


ERIC 


595 


POST-CHECK 


PART  I. 
DIRECTIONS: 


Draw  a  line  around  each -energy  related  word  found  In  t^e  Energy 
Maze.    The  appropriate  words  are  shewn  belowi 


water  injection 
turbocharglng 


flywheel  |  fuel  vaporization 
hybrid         '  V8-6-4 


electronic  Ignition 
supercharging 
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Part  1  ^  '  ,  .  . 

Directions:    Draw  a  line  around  each  energy  related  word 
found  in  the  Energy  Maze*-  The  appropriate  words  are  shown 
bslow*    1  ^ 

water  injection  ^  -  fuel^  vaporization 

tur  Boclia  r  gi  n  g 

flywheel      -  electronic  ignition        ,  ^ 

hybx:id  supercharging 


PART  II.  ^  ' 

DIRECTIONS;    Fill  In  thte  appropriate  wrd  In  each  blank.    Use  the  clues  shown 
below. 


lP-1  ♦       New  Propulsion  Designs  ^      *   ■  ' 

1.  Across 

Examples  of  this  Include  the  Wankel  engine,  gas  turbine,  Stirling 
7     cycle^  etc.  ^ 

,      2.     Down^  \         '       .  : 

A  combination  of  two  or  more  energy  sources  to  propel  the^yehldie 
(example:    an  electric/steam  car)*  ; 

IP'2.        Engine  Modifications. 

3.  Down  '  ^ 

A  device  used  to  'Increase  the  intensity  of  the  spark  by  using  a 
higher  voltage. 

4.  Down    ^  ' 

A  device  (non-electrlQal)  used  to  store^  energy.  . 
5*  Across 

.  C^lll^c^s  version  of  fuel  economy  accomplished  by.  decreasing  the 
^  number  of  cylinders  to  power  the  vehicle. 

IP-3*        Fuel  Systems  Modifications 

'     6,    Across         '  - 

The  use  of  atomized  water  mixed  with  the  fuel  to  Increase  fuel 
economy. 

w  ' 

7  ♦    Down  |l 

Vaporization  of  fuel  before  it  reaches  the  carburetor  In  order  to 
Increase  fuel  efficiency.     *         ,        -  , 

8,    Across  .  •  . 

Forcing  additional  £uel/alr' mdbcture  Into  the  cylinders. 
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HOME  EKERGY  MANAGEMENT  SYSTEMS 


One  of  the  most  critical  issues  facing  the  United  States  today  is  energy 
independence..  Since  the  oil  emhargo  of  1973  every  American,  regardless  of  age 
or  status,  continues  to  he  acutely  affected  hy  spiraling  energy  costs.    In  view 
of  this  country's  dependence  on  Imported  crude  oil,  for  example,  the  public  is- 
ohliged  to  pay  the  exorbitant  prices  imposed  by  foreign  sources*    The  challenge 
facing  this  country,  consequently,  is  twofold:     (l)  reduce  present  levels  of 
energy  consumption  and    (2)  develop  alternate  domestic  energy  sources* 

Of  the  many  suggestions  on  how  to  reduce  energy  usage,  one  of  the  moat 
imoediatcly  effective  Is  to  conserve  energy  through  home  management  systems. 
For  any  conservation  measure  to  be  cost-effective,  the  capital  outlay  must  be 
retrievable  within  a  reasonable  time.    By  employing  analytical  management 
procedures  one  is  able  to  assess  the  desirability  and  effectiveness  of  any 
energy  conserving  measure*    This  Instructional  module  will  provide  you  with 
the  information,  material  and  practice  to^apply  these  procedures  to  conserve 
energy. 


TERMINAL.  PEREORMAUCE  OBJECTIVE  .  ^ 

At  the  completion  of  tliis  instructional  module  you  w±ll-*e  able  to  reduce^ 
home  energy  consimiption,  through  the  use  of  management  techniques,  to  a  speci- 
fied percentage,  as  determined  by  the  case  under  study. 

Achievement  of  the  terminal  performance  objective  vlll  be  accomplished  by 
successfully  completing  three  instructional  paclcages+    Perhaps  you  already  toow 
something  about  Implementing  a  home  energy  management  system+    If  this  is  true 
you  may  wish  to  take  the  pre-check  to  determine  the  extent  of  your  knowledge 
The  results  of  the  pre^heck  may  be  used  to  ^diagnose  and  prescribe  the  Instruc- 
tional, packages  you  need  to  complete.    If  you  feel  that  you  do  not  h^e"*any  . 
knowledge  about  implementing  a  home  energy  management  syst^,  you  may  eliminate 
the  pre-check  and  begin  the  first  Instructional  package.    The  results  of  your 
own  Individual  diagnosis  and  prescription  may  lie  recorded  on  the'  Learning  Qiide 
below:  '  , 

INSTRUCTIONAL  PACKAGES  KNOW  MEED 

IP^l.       Analyzing  Energy  Consumption     

IP^2+       Recommending  Retrofit  Applications     

IP-3+       Operating  a  Management  Plan     
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PRE-CHECK 
HOME  QIEEtG^  HjUIAGEMEHT  SYSTIHS 


DIRECTIONS:    Answer  the  following  questions  by  placing  the  letter  of  your 

response  In  the  blank  space  to  the  left  of  each  Item.    Check  the 
answers  with  the  pre-check  key,  found  on  the  page  inmLedlately 
following  the  pre^heck.    If  you  miss  more  than  one  question  per 
section  you  will  need  to  de^rote  time,  in  learning  about  this  area/ 
You  may  record  the  learning  packages  to  study  by  checking  the 
corresponding  tit  e  on  the  Learning  Guide. 

IP-1.       Analyzing  Energy  Consumption  (*^ 

''^  1.    Gathering  information  relative  to  the  energy  consumption  of  a 

dwelling  is  referred  to  as: 

A.    consumption  survey   ^  B.    energy  audit     C.    thermal  checklist 
D.    usage  chart  ; 

  2.    An  indication  of  insulation  value:  ' 

A.    I      B.     12     C.    Cotton     D.    R  ^ 

  3.    BTU's  per  hour  +  12,000  «  '  ^ 

A.-  air-conditioning  capacity  B.  thermal  dissipation  C.  cool 
ing  velocity     D.    energy  rate 

  ^.    An  example  of  common  insulation  material: 

A.    Hollow  Core  ^od      B.    Cellulose  ,  C.    Masonry  veneer 
D.    Asbestos  4,       .  - 

  5.    The  better  insulation  material: 

A.    Rockwool      B.  'Glass  Fiber      C.    Ureaformaldehyde     D.  Cotton 
'  Fljjer  . 


1^2.       Recommending  Retrofit  Applications 

  1.    aiergy  conservation  Improvements  to  existing  dwellings  must  first 

\>e  proven  to  be:  " 

A.    inexpensive     B.    simple     C.    cost-effective     D.  quick 

  2.    Structure  with  the  highest  heat  transmission  multiplier: 

A.    Masonry  Wall     B.    Solid  Wood 'Door      C.    Storm  Window 
D.    Standard-Single  Window 

  3.    Term  which'  indicates  the  degree  of  heat  transmission  through  the 

tota,l  surface  of  any  structure: 

A.  Thermal  Factor  B.  Heat  Transmission  Multiplier  C.  Coeff 
lent  of  Transfer     D.    Diffusion  Rate 
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PRE-CHECK 
(Continued) 


4,  The  most  effective  heat  transmission  multiplier  for  purposes  of 
energy  conservation: 

A,    ,67      B,    ,075.     C,  ,  1,13      D,  * ,389 

5,  Heat  transmission  Is  fromi 

A.  cold  to  colder  B,  cold  to  hot  C,  hot  to  hotter  D,  hot 
to  Cold 


Operating  a  Mai^agement  Plan 

1,  An  energy  management  plan  meansi 

A-  energy  audits  B,  retrofit  application^  C,  budgeting  and 
accounting  energy  usage     D,    all  of  the  above 

2,  To  change  KWH' to  watts/hour:  ^  .  / 
A,  multiply  by  1000  B,  multiply  by  ,001  C,  divide  by  1000 
D,    divide  by  K 

3,  The  abbre:viation  MCF  is  the  same  asi  ^ 

A,  ,  100  cubic  feet     B,    kilowatt  hours     C,    1,000  cubic  feet 
D,    cubic  feet  per  minute 

4*    Natural  gas  energy  Is  measured  Ini 

A,    KWH     B,    gallons     C,    therms     D,    cubic  feet 

5.  The  most  cooQion  unit  for  the  measurement  of  all  forms  o^  energy: 
A.    KWH      Bi    BTU      C.  D.    CCF  -  . 
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PRE-CHECK  KEY 


HOME  EHERGY  HAKAGEMENT  SYSTEMS 


IP-1 .       .Analyzing  Energy  Consuniptlon 

1.  B 

2.  D 

3.  A  . 

4.  B 

5.  C 


IP-2 .       Recommeodins  Retrofit  Applications 

•  1.  C*  ' 

2.  D 

3  •  A  ^        ^      o  . 

4.  B  ^ 

5.  D 


IP-3.       Operating  A  Management  Plan- 

1.  D 

2.  A 

3.  C  ' 

4.  D 

-  5.  B 
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HOME  ENERGY  MANAGEMENT  SYSTEMS 

IP-I,       Analyzing  Energy  Consumption  .  ' 

OBJECTIVES  /  , 

Perform  an  energy  audit  by  following  proper  analysis  procedures  and 
completing  data  collection  Instruments  to  Include  pertinent  Information  relat^-ve' 
to  the  structutal»  operational  and  climatic  control  (heating  and  cooling)  ^ 
aspects  of  the  structure  under  analysis. 


RESOURCES  ^ 

Following  Is  a  list  of  Information  resources  appropriate  to  the  content 
of  IP-1,    Analyzing  Energy  Consumption, 

Books : 

The  Residential  Energy  Audit  Manual  by  The  Fairmont  Press  Inc,  P,0,  Bc^c  14227, 
Atlanta,  GA, 

Home  Energy  Conservation  Primer  by  Department  of  Technology  Education,  West 
Virginia  University,  Morgantown,  WV, 

The  Complete  Energy-Saving  Home  Improvenieiit  Guide  by  Arco  Publishing,  Inc.,  New 
York-j  NY.  i  ,  • 

"    '  ■■  ■  ■  \ 

Booklet:  , 

The  Home  Energy  Audit  by  Con  Edison  Conservation  Center,  Chrysler  Building,  New 
.     York,  m.  —   '  .  , 
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ACTIVm' 


Do  each  one  of  the  activities  listed  balow. 


A,  Revlev  two  or  more  of  the  previously  listed  Instructional  resources* 

B,  Solve  each  of  the  following  problems  by  writing  your-  answer  In  the  Mank 
space  to  the  left, 

 !•    To  calculate  the  area  of  a  rectangle  multiply  length  times  width. 

For  example*  determine  the  area  of  a  room  15  ft,       20  ft. 

  2,    Calculate  the  area  of  a  wall  20  ft.^6  In.  long  by.  8  ft,  high, 

'    ■       3,    The  **R'*  value  of  Insulation  l;s  an  Indication  of  its  resistance  to 
heat  flow.    For  example*  the  "R"  values  of  some  common  types  of 
Insulation  are  listed  below: 
;  '  "R'*  Value 

^  Type  of  Insulation  Per  Inch 

Rockwool; 

'    Loose  Fill   2,8 

Blankets  •   3,7 

Glass  S^ber: 

Loose  Fill   ,  2,2 

Blankets  ,  ,^  3,1 

What  is  the  '*R"  value  of  Rockwool  Blankets? 

\  /             To  determine  the  total  ^'R'*  value  of  an  existing  level  of  Insulation 
the  '*R'*' value  per  inch  of  Insulation  is  multiplied  l>y  the  insulation 
thickness.    For  example,  5'*  thick  Glass  Fll>er  Loose  Fill  would  have 
an  *'R"  value  of   

C,  Turn  to  the  feedback  section  to/Waeck  your  responses, 

D,  Now  you  are  ready  to  do  an  energy  ^udit,    A  home  energy  audit  is  designed 
to  help  you  make  qualified  decisions  about  energy  conservation  measures. 
Do  an  energy  audit  of  your  home  by  completing  the  following  worksheet: 
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HOMEOWNER'S  WORKSHEET 
&irvey  of  Existing  Conditions 


Location: 


Indicate  the  city  and  state  to  which  you  live.  Approximate  the  heating  and 
cooling  load  hours  for  your  home  situation* 

Heattog  Load  Hours   

Cooling  Load  Hours 


2,  What  Is  the  primary  source  of.  heat  In  your  home? 

Oil  Heat  Pump 

Natural  Gas  LP  Gas 

Electric 

3,  How  do  you  cool  your  home? 

Window  Fans  or  Whole-house  Attic  Fan 
■  Central  Air  Conditioner  .  ^ 

Window  Unit  Air  Conditioner 

.None 

4,  What  is  the  unit  cost  of  the  type(s)  of  fuel  you  use?    (See  inserted  list 
of  prices) 


Oil  $ 


/Gal 


b.    Natural  Gas    $  ^ 
LP  Gas  R 


/CCF 


c* 


d,    Electricity^  $ 


_/Gal, 


(CCF  =  100  cubic  feet)  , 

(LP  gas  includes  butane  or  propane) 


'  5,.  a.    What  tind  of  exterior  doors  does  your  home  now  have? 

Solid  Wood  or  Hollow  Core  Wood 
Wood  Door  with  Storm  Door 
b.    Determine  the  totaX  area  of  your  exterior  doors,    I^ltiply  the  number 
of  exterior  doors  by  20  (sq,  ft,  door)L  to  get  the  total  area- 


(No,  of  Doors)  x  20  = 


Sq,  ft,  of 
Exterior  Doors 


6,    a.    What  kind  of  windows  does  your  home  now  have? 

Standard  —  Single^Pane 
Insulated  —  Double  Pane 
Standard  with  Storm  Window  ... 


J-  •  -  ^ 


b.  Determine  the  total  area  of  your  windows .  Multiply  the  height  (in  feet) 
by  the  width  for  each  of  your  windows  and  add  together  to  find  the  total 
area.  "  ' 


Number 


X 
X 
X 
X 


Heisht 


X 
X 
X 
X 


width 


Square  feet 


Total  vWindow  Ar^  *■ 


Sq.  ft, 


7.    What  is  the  size  of  your  home? 

a.    Betermine  the  total  floor  area  of  your  home  by  multiplying  Its  length 
by  its  width. 

.Length       X       Width  =     ,  Area  in  Sq.  Ft.  . 

•   X    =   

J   X    ^  J  

X  =  ' 


Total  Floor  Area 


EXAIIPLE:    How  to  Figure  the'Area  of  Your  House 


i. 

X 

.20 

«  60 

2. 

18 

X 

.  12 

-■  216 

3 

26 

X 

16 

«=  416 

1232    Sq.  ft. 


b.  .  Determine  the  ceU-ing  area  of  your  home.    The  celling  area  will  be  the 
same  as  the  floor  a/ea  for  a  one  story  home.    In  a  two  story  house  the 
celling  area  will  equal ^the  second  story  floor  area  plus  the  area  of 
any  one  story  sections  or  additions. 


-Total— gelling— Arear 


^1 


c.  Determine  the  area  of  your  exterior  walls  by  multlplylTig  the  length  / 
of  the  wall  by  its  ceiling  beight.  Having  determined  the  sul>rtotali 
subtract  the  total  area  of  your  doors  and  windows,  to  find  your  totdl 


wall  area. 
Length 


8. 


X       Height   '  « 

 :    X   - 

-  ^       '  X    « 

  X  '   ^ 

Sub-total 
Total  Area  of  Doors-Windows  = 
Total  Wall^  Area 
How.  Is  your  heme  constructed: 
a.  Floors; 


Area 


i 


1 


Concrete  Slab  on  Grade 

Wood  Floors  Over  Vented  Crawl  Space  or  Unheated  Basement 


b .  Ceilings:: 


Attic  Space  Above  Celling 

No  Attic  Space  (Flat  Roof  or  Cathedral  Ceiling) 


Exterior  Walls: 


9. 


-of 


,  Solid  Masonry 
Wood  Frame  with  Wood  Siding 
Wood  Frjfflne  with  Masonry  Veneer 

Determine  the  listing  level  of  Insulation  in-your  home.  To  determine  the- 
**R"  value  of  your  existing  Insulation  you  will  hare  to  determine  what  kind 

insulation  It  is  and  its  thickness*    For  attic  and  floors  over  crawl 
spaces^  the  measurement  of  Insulation  thickness  is  relatively  simple^ 
However^  for  exterior  walls  you  B^y  have  to  estimate.    Itf'dejtermine  if  you 
have 'insulation  in  your  exterior  walls^  turn  off  tJie  power' at  the  circuit 
breaker  to  an  electrical  outlet  switch  on  an  kxterior  vail.    Remove  the 
switch  plate  or  outlet  cover  etod  look  into  tite  crack  be^een  the  outlet  box 
and  the  Interior  usH  surface.    You  should  be  able  to  see  If  the  wall  is 
insulated.  .  If  you  are  unable  to  determine  what  Icind  of  insulation  you  have 
in  your  attic^  floors^  or  walls  by  looking  at  It^  take  a  small^  sample  of  it 
to  an  insulation  >upplier  and  ask' for  help  in  identifying,  it.  * 
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*'R"  Value 

Type  of  Insulation  ^  Per  Inch 

Bockuool:  * 

Loose  PiU   2.8 

Blankets    .   -   3.7 

,  Glass  Fiber!  ^  . 

Loose  Fill  '  2.2^ 

,  Blankets    ...............  3.1 

, Cellulose!  ^  . 

Loose  Fill  ^    3.7 

Ureaformaldehyde    4.5 

t    ^    ■  Cotton  Fiber! 

^    J  Loose  Fill  -   .  3.7 

Having  determined  the  t3rpe  and  thickness  of  your  existing  insulation,  you  can  ' 
calculate  its  "R*'  value.    Firom  the  table,  determine  the  "R*'  value  per  Inch  for 
the^type  of  insulation -that  you  have  in  your  home.    Multiply  that  number  by  the 
thickness  to  get  the  "R"  value  for  your  ejcistlxig  level  of  insulation  and  record 
those  values  in  the  spaces  provided  below. 

"RV  VALUE 

TYPE  OF  '^R'VALUE  I     Of  EXISTING 

tOCATION  -  IKSULATIOM  PER  IMCH .  .  .      THICKHESS  INSULATION 

Attic!           ^    '   0  ■    »  - 

'  Walls!   :  I  0    X  3.5'*  -  ' 

Floors!   $    X    *   

Example!  Rockwool  Blankets  @  3.7  X  "  5"  -  ^  18.5 


10.    Determine  tlie  output  of  your  air-conditioning  system  by  locating  the  5TD*s 
per  hour  listed  on  the  pameplate.    Divide  this  number  by  12,000  to  get^  the 
3         number  of  tons.-    (Most  residential  air-conditioning  systems  are  between  2 
and  4  tons)   ^  ;  .  . 


Tonnagfe  of  Air-Conditioner 


Adapted'  from  Home  Energy  Conservation!  ^Recommendations  -for  Eacistinfi  Homes, 
.North  Carolina  Department  of  Commerce,  Raleigh,  NC. 

E.  Check  your  energy  audit.    Have  all  items  been  completed? 

F.  Have  one  of  your  colleagues  check  your  audit  for  errors^or  omissions. 

G.  When  you  feel  that  your  energy  audit  is  completed,  submit  it  for  your 
Instructor's  approval. 
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FEEDBACK  ^  ^ 

Check  your  responses  for  IP-l,  Activity  B  below:- 
Objective  A  Check:  ^      .  .  "  ^ 

1.  300  sq.  ft.     (15  ft,  X  20  ft.)  - 

2.  16A  sq.  ft.     (20  ft,  X  8  ft.) 

3.  3.7 

4.  11    (5  „  2.2)  ■  , 

If  you^  did  not  answer  correctly  one  or  more  of  the  items,  chfeck  with  the 
instructor.    If  you  answered  all  four  correctly  ^o  to  Activity  D. 


Instructor's  Approval 

After  receiving  the  instructor's  approval,  advance  to%IP-2.  Recommending  Retro- 
fit Applications.  * 
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HOME  ENERGY  KANACeiENT  SYSTEMS 


I?-2.       Recofnmending  Retrofit  Applications 
OBJECTIVES 

Upon  completion  of  this  instructional  package,  you  will  be  able  to'; 

• 

A.  Recommend  cost-effective  retrofit- applications  by  proposing  at  least  one 
process  necessary  to  accomplish  any  recotnmended  Improvement,  plus  calculat- 
ing the  savings,  and,  the  amount  of  tii&e  required  to  realize  a  return  on  the 
initial  iicvestment, 

B,  Using  the  information  that  you  gathered  for  the  Homeowner*s  Worksheet,  the 
second  stop  is  to  determine  what  the  thermal  effects  are  for  the  energy 
conserving^'measures  that  you  wish  to  consider*^ 


RESOURCES  '  ' 

Following  is  a  list  of  information  resources  appropriate  to  the  content  of 
IP-2,    Recommending  Retrofit  Applications, 


Booksx 

Al  Ubell*s  Energy-^Saving  Guide  for  Homeowners  by  Warner  Books,  Inc*»  HY, 


Booklets  X 

.  In  the  Bank  >  >  .  Or  Up  the  Chimney  by  The  North  Carolina  Agricultural  Egten- 
sion  Service,  Raleigh,  NC,  * 

Providing,  for  Ener^  Efficiency  in'  Homes  ^nd  Small  Buildings  by  U,S,  Department 
of*  Energy,  Oak  Ridge,  TN,  '  ' 

How  to  Save  Honey  by  Insulating  Your  Home  by  U,S-  Department  of  Energy,  Oak  , 
Ridge,  Tl^.  .  ^  ^  , 


^Filmx  ^  ^ 

Conservation  —  Investing  in  Tomorrow,  Department  of  Energy  Pilm  Library,  Oak 
Ridge,  TN,  .        -     '  " 
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ACTIVITY      '   :  ^ 

A.      .  Review  two  or  more  of  the  previously  listed  Instructional  resources. 


B. 


Solve  each  of  the  followftig  problems"  by  writing  your  answer  In  the  blank 
space  to  the  left,  , 


1. 


All  surfaces  In  a  structure  transmit  heat  toward  a  cooler  area. 
Structural  materials  differ  In  their  capacity  to  transmit  heat. 
Listed  below  are  various  structural  surfaces  and  their  corresponding 
heat  transmission  factor;     (the  higher  the  number*  the  more  heat 
transmitted) . 

Heat 
'  Transmission 

Structural  Surface  Hultlpller 


Windows: 

Standard-Single  Glazing 
Storm  window 

Doors; 

Solid  Vood 

Wood  with  Storm  Boor 

Walls  . 

No  lnsulatlon*'Solld  Masonry 
With  Rll  Insulation 


1.13 
.67 


.55 
.34 


.389 
,075 


What  is  the  Heat  Transmission  Multiplier  of  Storm  Windows? 

  2.    Thermal  Factor  Is  an  energy  conservation  term  which  indicates  the 

degree  of  heat  transmission  through  theJ-total  svr±prp  i^tm       flT>y  = 

structural  surface.    To  calculate  the  Thermal  Factor  of  a  structural 
surface  multiply  its  surf  ace.  area  times  its  corresponding  Heat 
Transodssion  >&iltlpller.    What  is  the  Thermal  Factor  of  a  solid  wood* 
3  ft.  by  7  ft,  "6  in,  door? 

  3.    Of  the  following  windows*  which  allows  the  most  heat  transmission? 


Windows 

Standard-Single  Glazing 
Insulating-Double  Glazing 
Storm  Window 


Heat 

Transmission 
Multiplier 

1,13 
.78 
.67 


4..  Of  the, following  floors  which  allows  the  least  heat  transmission? 
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Floors;  Over  Crawl  Space 
or  Unheated  Basement 


Heat 

Transmission 
Itultlpller 


No  Insulation  -374 

with  R7  Insulation  /  .103 

with  R  11  Insulation  J  .073 

with  R  13  Insulation  .064 

with  R  19  Insulation  '  .046 

5.    To  determine  a  specified  percentage  ^value  of  any  number;     (a)  copvert 
the  percentage  value  to  a  decimal  (multiply  the  raw  number  of  the 
percentage  value  by  .01);  and    (2)  multiply  that  decimal  value  times 
the  number.    For  example,  to  determine  10%  of  200; 

a.    10  X  .01    -  .1 

.  b.     .IX  200    -  20 

Therefore,  10%  of  200    »  20 

What  is  15%  of  100? 

Turn  to  the  feedback  section  to  check  your  responses. 

Now  you  are  ready  to  complete  the  second,  third  and  fourth  steps  In 
developing  a  residential  energy  management  system.    Using  th»  Information 
that  you  gathered  frcm  your  home  energy  audit,  complete^^the  following 
three  worlcsheets: 

The  end  result  of  the  Thermal  Savings  Worksheet  Is  the  Thermal  Savings 
Factor  which  Is  a  measure  of  the  reduction  in  consumption  (in  thermal 
terms)  attributable  to  the  energy  conserving  measures  you  wish  to  consider, 

THERHAL  SAVINGS  tflORKSBEET 

Existing  Conditions  Area  Multiplier  Thermal 

In  S.F.        From  Table  #1  Factor 

1.  Existing  Window  Type,  ,    X   .  =   

2.  Efcistlng  Door  Type   ,    X    =   


3.  Existing  Insulation   ,    X 

Value  in  Celling 

4.  lidLsting  Insulation 

Value  in  Floor   *    X 

(omit  if  Slab  on 
Grade) 

5.  Existing  Exterior 

Wall  lype  (omit  ^,    X 

if  wall  already 
has. Insulation) 
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6. 


TOTAL  EJtlSTING  THERltAL  FACTOR 


7. 

8. 
9. 

10. 

11. 

12. 
13. 

14. 


Proposed  Improvements 


Proposed  Window 
Type 

Proposed  Door  Type 

Proposed  Insulation 
Value  In  Celling 

Proposed  Insulation 
Value  In  Floor 

Proposed  Insulation 
Value  In  Exterior 
Wall 


X 
X 


TOTAL  PROPOSED  THERMAL  FACTOR 

THERMAL  SAVINGS  FACTOR:  ^ 
SUBSTRACT  LINE  #12  FROM  LINE  if  6 

(Will  be  used  on  Line  #1  of  Dollar. Savings  Worksheet) 

THERMAL  SAVINGS  RATIO 

DIVIDE  LINE  #12  BY  LINE  #6 

(will  be  used  on  Line  #7  of  Dollar  Savings  Worksheet) 
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TABLE  1 


HEAT  TRANSMISSION  MULTIPLIER  FOR  DIFFERENT  HOME  AREAS 

Heat    '  ^ 

Transmission 

Multiplier 


WINDOWS: 

Standard-Single  Glazing  *  1*13 

Insulating-Double  Glazing  .78 

Storm  Window  #67 

DOORS: 

Solid  Wood  or  Hollow  Core  *55 

Wood  with  Storm,  Door  "  .34 

FLOORS:    OVER  CRAWL  SPACE  OR  UNHEATBD  BASEMENT 

No  Insulation  ^  #374 

With  R7  Insulation  *103 

With  Rll  Insulation  .  ^  -073 

With  R13  Insulation  '  .064 

*     With  R19  Insulation  ^  '046 

CEILINGS:    1^  ATTIC 

No  Insulation  '  ,  "  **70 

With  R4  Insulation  ^  *160 

With  R5  Insulation  *130 

With  R7  Insulation  '109 

With  RIL  Insulation  *076 

With  R19  Insulation  .  ...  *0*7 

With  R26  Insulation  *035 

With  E30  Insulation  ^    .               ^  0  *031 

CEILINGS:    WITH  ATTir  -.   

No  Insulation  *598 

With  R4  Insulation  -  -176 

With  R7  Insulation  .*114 

With  Rll  Insulation  *079 

With  R19  Insulation  *048 

With  R22  Insulation  *042 

With  R26  Insulation  .  *                ^  .036 

With  R30  Insulation  '  ^  .      .032  . 

WALLS: 

No  Insulation  —  Solid  Masonry  *38? 

No  Insulation  —  Wood  Siding  .320 

No  .Insulation  —  Brick  Veneer  .  .240 

With  Rll  Insulation     '  ^  *075 

With  R13  Insulation  *065 

With  R16  Insulation  '  ^      ^  ^  .054 


The  third  step  is  to  convert  the  reduction  In  consumption  Into. a  dollar  savings 
figure.    The  end  result  will  be  the  est±nated  savings  on  your  utility  bills 
that  the  energy  conserving  measure  vlll  produce  In  one  year. 

The  accuracy  of  the  dollar  savings  figure  Is  dependent  on  individual  energy  use 
patterns  and,  for  this  reason,  cannot  be  guaranteed.    However,  under  nonnal 
conditions  these  calculations  should  provide  you  with  a  reasonably  accurate 
means  of  assessing  energy  savings*    Complete  the  following  Dollar  Savings  Work- 
sheet. • 


DOLLAR  SAVINGS  WORKSHEET 


1.  THERMAL  SAVINGS  FACTOR 

From  Thermal  Savings  Worksheet  (?I3) 

2.  HEATING  DEGREE  HOURS 
From  Homeowner's  Worksheet 


J^^ — TrMTT  PPTPF  nv  TiTEL  USED  FOR  HEATING 


4. 
5. 


10. 
II. 

12. 


From  Homeowner  Worksheet  (#4) 

MULTIPLY  LIKE  #1  X  LINE  #2  X  LINE  #3 

ADJUSTED  HEATING  EFFICIENCY  FACTOR  , 
Select:  the  adjusted  efficiency  factor 
fqr  the  type  of  furnace  that  you  have. 
jf2  Fuel  Oil  69,000 
Natural  Gas  60,000 
Electric  Furnace  3,070 
LP  Gas  55,200 
Heat  Pump  ,^6,826 

DOLLAR  SAVINGS  FOR  HEATING 
Divide  Line  #4  by  Line  #5 

THERMAL  SAVINGS  RATIO 

From  Thenzial  Savings  Worksheet  (ifl4) 

FULL  LOAD  COOLING  HOURS, 

From  Homeowner's  Worksheet  (#1) 

TONliAGE  OF  AIR  CONDITIONING  UNIT 
From  Homeowner's  Worksheet  (#10) 

MULTIPLY  LIKES  #7  'X  #8  X  $9 

MULTIPLY  LINE  ?10  X  1.78  for  WINDOW  UNIT 
J  or  1.63  for  CENTRAL  UNIT 

UNIT  PRICE  OF  ELECTRICITY  IN  $/KWH 
FroEi  Homeowner's  Worksheet  (#4) 
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13.  DOLLAR  SAVINGS  FOR  COOLING 

MULTIPLY  LIKE  #  II  x  LINE 

14.  TOTAL  DOLLAR  SAVINGS  . 

ADD  IIKES  #  6  +  #13 


#  12 


The  fourth  step  is  to  determine  the  payback  period.    The  payback  period 
is  the  number  of  years  that  it  will  take  an  energy^conserving  measure  to 
"pay  itself."    After  an  energy  conserving  measure  has  been  in  effect  for 
its  payback  period^  it  will  generate  "profits"  in  th.e.  form  of  savings  on 
^your  utility  bills.     Complete  the  foIIowing,.^^Payback  Period  Worksheet. 

'payback  PERIOp  worksheet""" 

COST  OF  ENERGY  CONSERSERVING  MEASURE      _  _    _   ' 

Contractor's  Bid  or  Estim'ate  of  Do-It- 
Yourself  Costs 

FEDERAL  TAX  CREDIT   

up  to  i?JOLD  \ 


3.  SUBTRACT  LIKE  2  FROM  LINE  1 

4.  TOTAL  DOLLAR  SAVINGS 

From  Dollar  Savings  Worksheet  (#1^) 

5.  PAYBACK  FACTOR 

Divide  Line  #3  by  Line  #4 

6.  ADJUSTED  PAYBACK  PERIOD. 
From  Table  No. .2 


"1 


E.  .      Check  your  worksheets.     Have  all  items  beerr'completed?  ^ 

F.  Have  one  of  yoor  colleagues  check  your  worksheets  for  errors  or  omissions. 

G.  When  you  feel -that— your-work^heets-are-completed^  submit  them  for  your 
instructor's  approval. 
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TABLE  NO.  mt, 
PAYBACK  CHART  AT  10%  FUEL  COST  INCREASE 


i 


Using  the  Payl>ack  Chart  ^nrrpa^e  over  the  coming  years.  In  figuring  your 

Costs  for  all.types  of  fuels  ^^^..^^P^^J^^^.^^T.^c^err  n  utiUty  cofts  of  10%  per  year.  The 
adjusted  payback  period,  we  w.ll  use  a  f  '  ^he  effects  of  borrowing  money  to 

Payback  Period  Chart  takes  this  mto  '^<^"^'^^^^  '^"^^3;^;bo  rowing  money  to  install  an  energy 

io^'plement  the  ^"^^8^  5<^"^r'"'Jm'nr.%om?s  do^^^^^^^  ^'^'''^  ^^^^ 

conserving  measure,  select  the  column  '^^J^^*^?^"  ^'^^^^^  until  you  come  to  the 

bo  borrowing  the  money.  By  reading  period  scale,  you  will 

number,closest  to  the  "Payback  ^'''^''''.i^^^^  measure  to  pay  .for  itself, 

be  able  to  determine  how  long  it  will  take  for  an  energy  con^e  . , 

NOTE:    n  you  .re  no,  going  ,o  borrow  n,onoy  'O  Pav Jo-he  -       conse.ing  n,ea-^^^ 

 STI  ;^t:^"^r^w::^dr;^^rne.  ...  •„  refine.  . 

your  savings-. 


YEAR 

■3 
4 

b 

7 
B 
9 
10 
11 
-12 
13 
14' 
15 
16 
17 
16 
19 
20 


6.0 

I.  92S06 
2.494922 
4.0203^ 
5.14  ^rtG 
6'.J21,U? 

6.67661 
10.2626 

II.  7301 
13.2666 
14.9402 
16.6994 
!l8.5734 
.20,5722 

22-7065 
'  24.9861 
27-4294 
30. 0442 
32.647 


7.0 

I.  89542 
2.8955 
3.93001 
!>,00f>4.! 
6  ^"*4t, 

,7.30416 
6.53580 
9.6303B 

II.  1936 
12.6327 
14.1541 
15.7656 
17.4753 
19.2921 
21.2253 
23.2651 
25.4826 
r!ti295 
30.3386 


8.0 

^  1.87241 
2.8434 
3.8^  2*J 
4.87^,  lU 
$.*I447: 
7.U%2'> 
6.21474 
9.4255 
10.6941 
12.0267 
13.4295 
14.9094 
16.4737 
16.1304 
19.6678 
21.7549 
23.7417 
25.65*15 
26.1167 


Interest  Rates 

8.5 

I.  ti$%7 
2.61794  . 
3.80051 
4.6 1  H> 

5  n5Stii 
6.93717 
6.06113 
9.23263 
10.4571 

II.  7403 
13.0664 
14.5079 
16.0059 

'  17.5697 
19.:te76 
21.0479 
■  22.9401 
24.9541 
27.1006 


9.0 

1:84707 
2.79266 
3.75366 
474 *M4 
5.7t>86 
6.62121 
7.91195 
9.04561 
10.2281 
"11.4644 
12.7606 
14,123 
15.5584 
17.0739 
16.6771 
20.3764 
22.1805 
24.0969 
26.1419 


9S 

IO.O 

18.0 

1.63462 

1.62261 

1.6492 

276616 

2.74363 

2.39695 

3.716 

:i.677&4J 

3.12114 

4.G8636 

.  4.62663 

3.61634 

5.6863& 

5.6O058 

4.49769 

6.70626 

6.59822 

5.1656 

7.76702 

7.6262 

5.62682 

6.66461 

*  6.66939  ' 

6.49253 

10.0068 

9.79266 

7.16242 

11.1964  * 

V  10.9419 

7.84375 

12.4454' 

12.1422  ' 

6.54164 

137536 

13.-3995 

9.26112 

15.1302 

14.7202  " 

ia0072. 

16.5614 

16.1109 

107846 

16.1146 

17.5788 

11.5991 

197382 

19.1313 

t2.4552 

21.4602* 

20.7765 

13.3584 

23.2697 

22.5232 

14.3144 

25.2365 

24.3607 

15.3289 

The  three  previous  worksheets  and  two  tables  were  adopted  from  Home  Energy  Con- 
servation:   Recommendations  for  Existing  Homes,  North  Carolina  Department  of 
Commerce,  Raleigh,  North  Carolina. 
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FEEDBACK  ^  : 

Objective  A  Check: 

'2.      12.38  (  3x7.5  =  20  x  ,55  =  12.38) 
3:      Standard  -  Single ■ Glazing 

4.  R19  Insulation 

5.  15  (15  X  .01  =  .15  X  100  =15) 

If  you  did  not  answer  correctly  one  or  more  of  the  iteros^  check  with  the  in- 
structor.    If  you  answered  all  five  correctly,  go  to.  Activity  D. 


Instructor's  Approval 


i   After  receiving  the  instructor's  approval,  advance  to  IP-3- 
Manageroetit  Plan.  »  O 


Developing  A 
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HOME  ENERGY  MANAGEMENT  SYSTEMS 


Developing  a  Management  Plan 

OBJECTIVE  ^  r 

Upon  completion  of  this  instructional  package,  you  i*jl11  be  able  to; 

A*      Jnitiate  and  operate  a  plan  to  manage  the  consumption  of  energy  by  budget- 
ing and  accounting  for  energy  usage. 

Being  aware  of  the  possibilities  for  saving  ^poney  and  energy  is  only  the 
beginning  step  toward  an  energy  management  system.    The  previous  worksheets 
have  presented  some  ideas  for  saving  energy  in  yoiir  home.    Now  it  is  up  to  you 
to  get  the  wheels  in  nultion  and  implement  the  applicable  conservation  measures. 
An  organized  system  of  priorities  should  be  established  to  decided  where  to 
focus  your  efforts.    The  worksheets  enclosed  in  this  section  are  designed  to 
help  you  organize  your  list  of  priorities^ 


RESOURCES 


Following  is  a  list  of  information  resources  appropriate  to  the  content 
of  IP-3-    -Developing  a  Management  Plan, 

Book: 

Homeowner's  Guide  to  Saving  Energy.     Tab  Books  Inc, ,  Blue  Ridge  Summit^  PA, 
pp*  361-377. 

Booklets: 

Energy  Efficiency  for  Educators  and  Students.    Tenneco,  Inc.,  Houston,  Tx. 

Load  Management:     Reshaping  America's  Electric  Demand.     Duke  Power  Co. , 'Char- 
lotte, North  Carolina. 

Film: 

An  Introduction  to  Energy  ilanagement ,  DOE  Film  Library,  Technical  Information 
Center,  Oak  Ridge,  TN. 
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ACTIVITY 


Review  at  least  two  or  moxe  of  the  previousl^y  listed  instructional  re^  \ 
sources.  '  .      '  ^ 

Solve  each  of  the  following  problems  by  writing  your  answers  in  the  blank, 
spaces.  This  problem  is  an  example  of  how  to  determine  the  energy  savings 
of  a  typical  energy  conservation  measure: 

In  this  situation^  130  watt  buibs  are  being  replaced  by  73  watt  blubs  and 
operated  6  hours  per  night. 

Data  needed  for  calculations: 

1,  20      lights  at  130  watts 

2,  The  total  energy  used  is:       ^  , 

: —  .  —  — 20  Jri^ht-s  -x-13Q-va^t-t-s/3r-ight^-^^  3000L-  Majt.ts./d-ay_  


Average  number  of  hours  per  day  the  lights  are  currently  on: 

6  hours/day 
Humber  of  days  per  year  the  lights  are  on: 

365      days/year  .  ^ 

Number  of  watts  per  new  bulb: 

73      watts  ;  ^ 

"j 

Average  number  of  hours  per  day  the  new  lights  will  be  on: 

6      hours  .  * 

Electricity  cost  per  KWH  average  (from  your  local  electric 
utility  company). 


$0.06 /KWH 
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Calculations: 

1*      Energy  used  with  old  system:  ^ 

  no*  bulbs  X* 

  watts/bulb 

X    no-  operating  hours/day 

X    no-  days/year  ■^  1000 

  KWH/year 

2-      Energy  used  with  new  system; 

 no*  watts/bulb  x   no.  bulbs 

X   no*  operating  hours/day 


3- 


4- 


no*  days/year  ^  1000 
KWH/year 


KWH  saved  per  year; 

\ 

  KWH/year  (old  system)  *  \ 

  KWH/ysar  (new  system) 

=    KWH  saved/year 

Energy  cost  savings: 

  KWH  saved/year  x 

  $/KWH 

=    $/year 

(This  assumes  that  the  old  bulbs  would  have  no  value  and 
would  be  thrown  away-     If  a  value  could  be  assigned  to 
thentj  this  value  would  be  subtracted  from,  the  cost  in  the 
above  equation-) 

Payback  period:  ; 

bulb  cost  (@  $1.20/bulb) 


energy  savings  first  year 
  years  =  payback  period 
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C.      Turn  to  the  feedback  section  to  checte\yourf  responses. 


Now  you  are  ready  to  complete  the  fifth  and  final  step  In  developing  a 
residential  energy  management  system.     Complete  the  following  two  work- 
sheets.                               '            '  .  ' 

Use  the  first  worksheet  to  record  data  concerning  the"  no-^cost  or  low-cost 
improvements  which  you  intend  to  implement, 

ACTION  PLAN  ' 

PAYBACK  COMPLETION 
IMPROVEMENTS               COST                     PERIOD  DATE  REMARKS 


Adapted  from  Saving  Money  with  Energy  Conservation:    An  Energy  Audit  Workb'bo 


for  Public  Assembly^  DOE^  Washington^  DC 


/ 


Rir 
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In  order  to  determine  just  how  much  was  saved  and  for  future  savings  and  cost  estimates^  an. 
Energy  Management  Form  is  also  included  in  this  section.  The  Energy  Management  Form  is 
to  br  used  to  monitor  your  energy  consumption  and  costs.  By  doing  this,  you  can  trace  the 
results  of  your  program  andlteep  up  on  your  real  energy  costs. 

An  Energy  Management  Form  is  shown  on  the  fpllowing  page.  The  data  from  the  form  can 
be  used  to'budget  and  account  for  energy  usage.  In  addition,  it  can  be  used  to  calculate  the 
payback  period^  for  several  of  the  recommended  energy  conservation  measures  illustrated. 

To  make  it^sy  to  use,  you  may  wish  to  remove  it  from  the  book.  The  form  is  intended  to  be 
an  aid  for  establishing  a  continuing  energy  bookkeeping  procedure  for  your  building.  If  it  is 
filled  out  each  month,  the^MHi^Hv  owner  of  the  building  can  get  a  sense  of  monthly  and 
yearly  energy  consumption  and  cost.  It  can  be  used  as  a  base  to  evaluate  energy  savings  that 
result  from  energy  conservation  measures. 

You  should  remember  that  the  billing  period  for  electricity  may- vary  from  25  to  40  days.  If 
so.  you  will  have  to  adjust  it  to  be  consistent  with  other  types  of  energy  on  the  form. 
Calculate  the  kwh  per  day  and  multiply  by  the  number  of  days  in  the  month  or  period  you 
are  using  for  oil  and  gas. 

Continue  to  update  the  Energy  Management  Form  at  regular,  frequent  intervals  during  the 
implementation  of  yoOr  energy  conservation  program^  That  way.  the  reduced  consumption 
of  fuel  and/or  electricity  will  become  real  and  you  will  be  able  to  demonstrate  and  verify 
the  savings  with  your  consumption  measurements. 

The  following  abbreviations  are  used  in  the  Energy  Management  Form: 

MCF  ,  ^  1,000  Cubic  Feet  KWH  =  Kilowatt  Hours 

CCF         ^     ==lOOCubic  Feet  CFM  =Gybic  FeetperMinute 

♦ 

The  British  Thermal  Unit  or  8tu  is  a  common  unit  for  the  measurement  of  all  forms  of  - 
energy.  With  the  increase  in  unit  cost  for  utilities  it  will  be  difficult  to  measure  energy  usage 
and  savings  on  the  basis  of  dollar  amount  of  the  utility  bills.  Conversion  to  Btu's  eliminates 
the  differences  in  units  used  fo  measure  various  types  of  fuel,  as  well  as  variations  in  price 
for  fuels  in  different  geographic  regions  and  future  price  increases.  A  Btu  is  a  very  small  unit 
of  energy.  Large  quantities  of  energy  are  often  expressed  in  terms  of  a  million  Btij's  or  in 
some  cases  therms*.  Converting  dollar  energy  usage  to  Btu's  is  a  simple  process,  and  will 
allow  additional  analysis  of  the  figures  in  the  Energy  Management  Form, 


Source 

electricity 
natural  gas 
*  natural  gas  . 

oil 

steam 


Measure 
kwh 

cubic  foot 
1  MCF 
gallon 
1  lb. 


fner^K 

3412  Btu's 
1030  Btu's 
10  Therms 
140,000  atu's 
.1390  Btu's 


BuaoiNc 


YEAR 


ivH  ^.N  1  M 

flFCIRICnV  , 

OIL 

NATURAL  GAS^ 

COAL  □  PURCHASED 
W<:X>0  □    STEAM  □  ■ 

Olhcr         ^,  , 

TOTAL 

ENERGY 

COST 

QUANTITY 
KVVH 

COST  (DOLLARS) 

QUANTITY 
r.Al  1  ONS 

COST  rOOLt  ARS» 

QUANTITY 

MCF. 

CCF. 
OR  THERMS 

COST  IDOLIARS) 

QUANTITY 
UNIT 

COST  (DOLLARS) 

TOTAI  $ 

S/KWH 

S/CAL 

TOTAL  $ 

TOTAL  S 

$/MCF 

TOTAL  $ 

S/UNIT 

1 

-> 
J. 

4 

7 

H 

10 

11 

'  n 

n 

14 

,  )ANUAKY  ^  . 

f FBRUARV 

MARCH 

APRIt 

MAY 



lULY 

t 

V%UCUST 

SEPTEMBER 

_ 

-  ■ 

OCTOBER  ■ 

- 

NOVEMBER 

DECEMBER 

ANNUAL 
TOTALS 

ANNllAU 
AVERAGES 



C.      Check  your  worksheets.     Have  all  items  been  completed? 

F,      Have  one  of  your  colleagues  check  your  worksheets  for  errors  or 'omissions. 

G-  *    When  you  feel  that  your  worksheets  are  completed ,  submit  them  for  your 
instructor  *  s  approval. 

FEEDBACK 

Objective  A  Check:  ^ 

1.  20  bulbs  X  150  watts/bulb 
X  6  hours/day 

X  365  days/year  -r  1000 
=  6570  KWH/year 

2.  75  watts/bulb  x  20  bulbs 
X  6  hours/day 

X  365  days/year 

^  3285  KWH/year  ^  ^ 

3.  ^     6570  KWH/year  (old  system) 

-.3285  KWH/year         (new  system) 
=  3285  KWH  saved/year 

4.  3285  KWH  saved/year  x  $0-06/KWH 
'   =  $l97.10/year 

5.  $24.00 


$197.10 

=  .12  years  or  1.5  months 

If  you  did  not  answer  correctly  one  or  more  of  the  items^  check  with  the  in- 
structor.    If  you  answered  all  iive  correctly.,  go  to  Activity  D. 


Instructor's  Approval  . 
After  receiving  the  instructor's  approval,  advance  to  the  Post-Check. 
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POST-CHECK 
HOME  ENERGY  MANAGEMENT  SYSTEMS 


Directions:        Given  all  the  necessary  data  from  a  hypothetical  residence  and 
the  required  worksheets^  perform  each  of  the  following  tasks;^ 


3. 


Conduct  an  energy  audit  to  include  the  structural^  operational,  and  cli' 
matic  control  (heating  and  cooling)  aspects  of  the  structure.^ 

Complete  a^Thermal  Savings  Worksheet,  Dollar  Savings  Worksheet,  and 
Payback  Worksheet.     From  the  information  gener^ated  by  , these' worksheets , 
recommend  conservation  measures  that  would  reduce  overall  energy  consump- 
tion by  at  least  10%,     Show  your  calculations  for  the  savings  and  the 
amount  of  payback  time. 

o  '     .  - 

Iniciace  and  operate  an  energy  managmenc -plan  for  chree  months  by  com- 
pleting an  Accion  Plan  Worksheet:  along  wich*the  proposed  improvemenc 
energy  Management:  Form  t:o-  budget:  and  account:  for  energy  usage. 
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MODULE  TWENTY-FOUR 


PRINCIPLES  AND  PRACTICES  OF  RE-USINC  ENERGY  SUPPLIES 


by 

William  A.  Hayes 
Industrial  Arts 
West 'Baltimore  Middle  School 
Baltimore,  ^Earylancl 


USDOE  Sponsored  Faculty  Development  Workshop  on  Energy 
Conservation  for  lAE  at  North  Carolina  State  University 
June  1981-R,E,  Wenig,  Director 


Prepared 
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PRINCIPLES  AKD  PRACTICES  pF  RE-USING  ENERGY  SUPPLIES 


In  order  for  us  to  live  with  the  limited  resources  of-  the  world  and  to 
reserve  those  resources  for  the  future,  we  must  learn  to  recycle  more  waste. 
The  recycling  business  has  become  laore  attractive  each  day.    At  last,  environ- 
mentalists and  economists ^re  beginning  to  work  together  In  helping  us  to  realize 
the  lEiportatice  of  producing  energy  from  waste  to  renew  dwindling  resources. 

TERMINAL  PERPOKMAWCE  OBJECTIVE 

Upon  completion  of  this  module,  you  will  complete  a  performance  test-  (quiz) 
with  80%  efficiency  related  to  the  basic  principles  and  practices  of  recycling 
critical  materials  that  would  have  been  considered  waste. 

INSTRUCTIONAL  PACKAGES  KNOW  NEED 

IP-1.        Idenflflcatlon  of  Materials    ^  

IP-2.        Local  Laws  on  Waste  Disposal  Must  Be  Observed  

IP-3.        Conventional  and  Unconventional  Methods  of     ^ 

Handling  Waste 

IP-A.       The  Recovered  Product   
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PRE-CHECK 


DIRECTIONS:    Check  the  answers  with  the  pre-check  key.    If  you  miss  one  true 
^  or  £alse  question  per  section,  you  will  need  to  devote  time  In 
learning  about  this  area. 

IP^l.        Identification  of  Materials 
TRUE  .  FALSE 

1,      The  word  wastes  refers  to  materials  discarded  by  community 

activities,  and  Includes  solids,  liquids  and  gases* 

2,      Garbage  Is  domestic  or  household  food  waste.    Rubbish  Is 

domestic  non^food  waste,  and  residential  waste  or  domestic 
waste  Is  the  combination  of  garbage  and  rubbish* 

3,  J   .        The  term  "recycling"  In  Its  narrowest,  and  probably  original, 

sense  does  not  denote  the  return  of -a  discarded  material  or 
article  to  the  same  product  system* 

4,      Solid  wastes  iaunl61pl^  refuse.  Industrial  trash  and  demoll^ 

tlon  debris  have  a  v6ry  low  recovery  rate. 

IP-2,        Local  Laws  on  Waste  Disposal  Must  Be  Observed 

1,  ^    Recycling  is  the  process  by  which  recovered  resources  are- 

transformed  into  new  products  In  such  a  manner  that  the 
original  products  lose  their  identity, 

2,      Solid  waste  management  is  a  piurposeful,  systematic  control 

of  the  generation,  storage,  collection,  transport,  separation, 
processing,  recycling,  recovery  and  disposal  of  solid  waste, 

3-      Senate  ^Jolnt  Resolution  1073^* ratified  April  12,  1974  appoitited 

a  four-person  commission  to  investigate  and  monitor  all 
recycling  requests  for  the  state* 

4,        -    North  Carolina  has  always  had  a  comprehensive  listing  of 

J  persons  ^nd  organizations  itrvolved  In  the  recycling  process, 

IP-3 ,        Colaventional  and  Unconventional  Kethods  of  Handling  Wastes 

1,     ^  In  the  United  States  the  early  industrial-waste  plans  were  ^ 

those  for  treatment  of  tannery  and  glue*factory  wastes  in 
Massachusetts,  and  they  operated  on  the  unconventional  method, 

2,     ^  One  of  the  early  ^erican  Indus  trial-waste^  treatment  plants 

mechanically  cleaned  tanks,  thereby  eliminating  the  objec- 
tionable 30b  of  removing  the  sludge  by  manual  means* 
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PKE-CHECK 


(Continued ) 


3.' 
4. 


The  "step-sludge"  method  Is  considered  conventional. 

.The  unconventional  methods  have  all  been  developed  to  reduce 
size  and  cost  of  waste  treatment  plants. 


The  Recovered  Product 


1. 


2. 


3. 


A. 


Aj^beer  company  (Cbors)  uses  a  Carver-Greenfield  drying 
process  to  recover  high  amounts  of  crude  protein  and  vitamin 
B-12  for  subsequent  use  in  baby  formulas. 

The  research  center  of  the  Bureau  of  Mines  has  used  fly  ash, 
a  by<-product  of  electirlc  generating  plants,  as^a  partial 
'  substitute  for  cement  In  a  sidewalk  in  Morgantown,  West 
Virginia. 

m 

Flea  markets,  garage  sales  are  methods  of  recycling  resi- 
dential waste* 

Louisiana  State  University  operated  a  pilot  plant  whlth 
fermented  sugar  cane  bagasse  Into  edible,  single-cell 
protein  compeStitlve  with  soybean  flour  or  commeal. 
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PRE-CHECK 


IP-1.        Identification  of  Materials 


1. 
2. 
3. 
4. 


T 
T 
F 
F 


IP-2 .        Local  Laws  on  Waste  Disposal  Must:  Be  Ot^erved 

1.  T 

2.  T 

3.  ■  F 

4.  ,F  ■  ^ 


I?-3.        Conventional  and  Unconventional  Methods  of  Handling  Wastes 

1.  F  ' 

2.  T  -  •  . 

3.  F  , 
■     4.     T  "  . 


IP-4.      ^The  Recovered  Product 

1.  F 

2.  T 

3.  T 

4.  T 


< 
1 
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PRINCIPLES  AND  PRACTICES  OF  RE-USING  ENERGY  SUPPLIES 

IP-k.        Identification  of  Materials 
OBJIECTIVES 

Upon  completion  of  this  Instructional  package,  you  will  be  able  to; 
A.    Identify  major  materials  that  are  considered  waste. 
6.    Categorize  Waste  materials  according  to  liquids  and  solids. 


RESOURCES 
Books: 

Resource  Recovery  and  Recycling  by  Allan  F.M.  Barton>  Chapter  1>  pp.  1-12, 
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ACTIVITY 

A.  Please  read  the  resource  listed,  in  the  resource  section. 

B.  The  student  will  list  20  laaterials  that  are  considered  waste  products  in 
his/her  project.  ^ 

C.  '      Please  list  all  waste/materials  into  two  divisions;  liquids  and  solids. 

D.  The  student  will  explain  in  chart  form  the  properties  of  the  original 
product  before  "being  recycled^  also  consider  If  the  product  in  its  present 
state  Is  worth  the  cost^  time  and  energy  to  be  recycled. 


FEEDBACK 

Objective  A  and  B  Check: 

Refer  back  to  Pre-Check  for  IP-1  questions  and  answers. 

If  you  did  not  answer  correctly  all  questions^  check  with  your  instructor^ 
If  you  answered  all  four  correctly^  go  to  IP    (Objective)    . 


Instructor's  Approval 


PRir 
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PRINCIPLES  AND  PRACTICES  OF  RE-USING^  ENERGY  SUPPLIES 

IP-2.       Identification  of  Materials 
OBJECTIVES — 

Upon  completion  of  this  Instructional  package,  you  will  be  able  to: 
A.      State  lavs  on  waste  disposal  must  be  observed. 


B.  List  the  requirements  on  how  to  store  waste  by  reviewing  laws  where  he/she 
\^         is  located .  •  * 


RESOURCES 
Books: 

Report  of  the  Commission  for  the  Study  of  Solid  Waste  Recycling  to  the  1975 
General  Assembly  of  North  Carolina,  February  28,  1955. 
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ACTIVITY 

A.  '^leaae  read  the  complete  resource  listed  in  the  resource  section. 

B.  Student  should  list  the  laws  of  the  State  In  which  he/she  lives  and 
describe  how  to  handle  waste  for  recycling. 

C.  A  list  should  be  made  of  those  laws  that  act  as  a  hindrance/assistance 
to  cost  and  time  In  recycling  liquids  and  solids. 

FEEDSSCK ■  "  ,  ■ 

Objective  A  and  B  Check: 

Refer  .back  to  Pre-Check  for  questions  and  answers. 

If  you  did  not  answer  correctly  all  questions,  check  with  your  Instructor. 
If  you  answered  all  four  correctly,  go  to  IP^   (Objective)    • 


Instructor's  Approval 

/ 
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PRINCIFLES  AKD  PR/.CTICES  OF  RE-USIKG  ENERGY  SUPPLIES 

IP-3.        Conventional  and  Unconventional  Kethods  of  Handling  Uaste 

OBJECTIVES  ^  ^ 

Upon  completion  of  this  Instructional  package,  you  will  be  able  to; 

A.      Study  at  least  onje  conventional  and  one  unconventional  method  of \  treating 
industrial/residential  vjastes. 

RESOURCES  •  '  . 

Books:    =  , 

Tlte  Treatment  of  Industrial  Wastes  by  Edmund  B.-  BesselieVre",  Chapter  VIII. 
Recycling  by  Jerome  Goldstein,  Cliapters  III  and  VIII. 
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ACTIVITY  '  '  ^ 

A.  Please  read  the  resources  listed  In  the  resource  section. 

B.  '       Students  should  list  each  method  of  waste  disposal  explaining  their 

origin,  advantages,  disadvantages  and  th&  type  i?astes  involved. 

C.  Students  sT?ould  compare  recovered  waste  cost,  time  and  enei^gy,  anjl  the 
method'^of  recycling  to  the  original  state.  <> 

FEEDBACK   ^       -  -  ; 

Objective  A  Check: 

Refer  back  to  Pre-Oteck  IP-3  for  questions  and  answers.  ' 

If  you  did  not  answer  correctly  all  questions,  check  with  your  Instructor. 
If  you  answered  all  four  correctly,  go  to  IP-4  (Objective)    . 


Instructor's  Approval 
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PRINCIPLES  AND  PRACTICES  OF  RE-USIK^  ENERGY  SUPPLIES 

lP-4,        The  Recovered  Product 
OBJECTIVES 

i 

A.       -Through  the  study  of  various  methods  of  recycling  indastrial  residential 
wastes,  list  finished  products  and  their  value. 

"i  -a 

RESOURCES 
Books; 

Same  as  lP-3.     (The  Treatment  of  Industrial  Waste,  Chapter  XIV) 
(Recycling,  Chapter  III)  " 
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ACTIVITY 


Please  read  the  resources  listed  In  the  resource  section. 

As  a  result  of  reading  the  resources  listed  In  the  resource  section, 
students  will  be  able  to  plan  exact  use  for  their  recyclable  waste. 


FEEDBACK 


Objective  A  Check: 


Refer  back  to  IP-4 ^re-Check  for  questions  and  answers, 


If  you  did  not  answer  correctly  all  questions,  check  with  your  Instructor- 
If  you  answered  all  four  correctly,  go  to  the  next  objective. 


Instructor's  Approval 
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,  POST^CHECK 


PRINCIPLES  AND  PRACTICES  OF  RE-USING  ENERGY  SUPPLIES 


DIRECTIONS:    Place  a  ''T"  for  true  and  an         if  the  answer  is  false  beside  the 
question  in  the  space  provided. 

IP-1 -        Identification  of  Materials 

1-     The  word  waste  refers  to  loaterials  discarded  by  connounity 

activities,  and  includes  solids,  liquids  and  gases. 

2*      Garbage  is  domestic  or  household  food  waste,  rubbish  is 

domestic  non-food  waste,  and  residential  waste  or  domestic 
waste  is  the  conbination  of  garbage  and  rubbish. 

3.      The  term  recycling  in  its  narrowest,    and  probably  original, 

sense  does  not  denote  the  return  of  a  discarded  material  or 
article  to  the  same  product. system. 

4<      Solid  wastes,  municipal  refuse,  industrial  trash  and  demoli- 

tion debris' have  a  very  lo^'  recovery  rate, 

IP-2.        State  Laws  on  Waste  Disposal  Must  Be  Observed 

1.   Recycling  is  the  process  by  which  recovered  resources  are 

transformed  into  new  products  in  such  a  manner  that  the 
original  ^>roducts  lose  ttieir  identity. 

2.      Solid  waste  management  is  a  purposeful,  systematic  control 

of  the  generation,  storage,  collection,  transport,  separation,- 
processing,  recycling,  recovery  and  disposal  of  solid  waste. 

3.    Senate  Joint  Resolution  1073  ratified  April  12,  1974  appoint- 
ed a  four  person  commission  to  investigate  and  monitor  all 
recycling  requests  for  the  state. 

<.    \     North  Carolina  has  always  had  a  cwnprehensive  listing  of 

,   ^  persons  and  organizations  involved  In  the  recycling  process. 

IP-3 .    '    Conventional  and  Unconvencitional  Methods  of  Handling  VJastes 

1.      In  the  United  States  the  early  industrial  waste  plants  were 

those  for  treatment  of  tannery  and  glue-factory  wastes  In 

i  Massachusetts,  artd  they  operated  on  .the  unconventional  method. 

2.     One  of  the  early  American  Indus trial-^waste-treatment  plants 

mechanically  cleaned  sedimentation 'tanks,  thereby  eliminating 
the  objectionable  job  of  removing  the  sludge  by  manual  means. 

3.   "       The  "step-sludge"  method  is  considered  conventional. 
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POST-CHECK 
(Continued) 


4. 


The  unconventional,  methods  have  all  been  developed  to  reduce 
size  and  cost  of  waste,  treatment  plants. 


IP-4. 


The  Recovered  Product 


2. 


3. 


4. 


A  beer  companyCCoors)  uses  a  Carver-Greenfield  drying  process 
to  recover  high  amounts  of  crude  protein  and  vitamin  B-X2 
for  subsequent  use  In  baby  formulas. 

The  Research  Center  of  the  Bureau  of  Mines  has  used  fly  ash^' 
a  by-product  of  electric  generating  plants^  as  a  partial 
substitute  for  cement  in  sidewalks  in  Morgantown^  West 
Virginia. 

Flea  markets^  garage  sales  are  methods  of  recycling  residen- 
tial waste. 

Louisiana  State  University  operated  a  pilot  plant  which 
fermented  sugar  cane  bagasse  into  edible  single  cell  protein 
competitive  with  soybean  flour  or  com  meal. 
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MODULE  TWENTY'FIVE 
CAREERS  IN  ENERGT  CONSERVATION 


Prepared 
by 

Mary  Edmiston 
Occupational  Exploration 
Newton-Conover  Kiddie  School 
Newton,  NC 


USDOE  Sponsored  Faculty  Development  Workshop  on  Energy 
Conservation  for  lAE  at  North  Carolina  State  University 
June  1981-R.E.  Wenig,  Director 
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PIIE-CHECK 
CAREERS  IN  ENERCY  CONSERVATION 


DIRECTIONS:    In  the  space  provided^  place  a  T  In  front  of  the  statements  which 
are  True,  and  an  JF  in  front  of  those  that  are  False. 

IP-I.        T^T>es  of  Energy  Xonservatlon  Related  Occupations 

1.    Petroleum  engineers  generally  plan  and  supervise  solar  Installation. 

2.    Only  scientists  and  engineers  are  needed  in  the  nuclear  energy  field. 

3.   An  architect  determines  a  buildlng*s  interior  layout  to  make  maximum 

use  of  the  sun. 

4.   ^  Landscape  architects  are  trained  to  plant  domestic  landscapln**  to  make 

maximum  use  of  the  sun. 

1^-2 .        Hazards  of  Energy  Conservation  Related  Occupations 

1.   There  have  b^een  more  nuclear-related  illnesses  than  any  other  e©etgy  ^ 

conservation  related  occupations. 

2.    There  are  no  hazards  related  to  archit;:ecture  in  energy  conservation 

related  jobs. 

3.    The  coal  industry  has  a  better  accident  record  than  any  other  energy 

related  occupation.  ^ 

^.   ?a;sslve  solar  heating  is  the  cleanest,  least  hazardous  method  of 

obtaining  energy. 

5.   It  makes  no  difference  how  much  energy  students  ^tse;  there  will  always 

be.  plenty  to  accommodate  everyone.  ^''^V^^' 

IP -3 .        Types  of  Education^  Qualifications,  Location  and  Salary 

X.    The  minimum  education  required  for  an  architect  is  a  BS  from  an 

accredited  school.  ^ 

—         —  "  ^     -  «  * 

2.   A  person  Interested  in  becoming  a  solar  energy, specialist  should  eacpect 

to  live  neax  the  equator. 

3.   To  become  a  coal  miner,  one  must  live  in  West  Virginia. 

4.   A  metallurgist  could  find  a  nu clear *-energy  field. 

5.   An  oil  research  expert  must  move  to  the  Middle  East  to  find  work. 
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IP-4 .        Selection  of  Occupation  and  Definition 

1.    The  United  States  produces  more  ^oal  per  year  than  any  other  nation.  : 

2.    Nuclear  energy  is  derived  from  the  enrichment  of  uranium. 

3*   Most  of  the  energy  conservation  related  occupations  rtquire  on-^the-'job 

training* 

4.    Computer  programmers  have  a  good  opportunity  for  employment  in  energy-: 

related  jobs* 

'5*    Energy  production  must  equal  energy  consumption. 

6*        .    A  state  cannot  consume  energy  that  it  does  not  have  or  cannot  ac<3uire 
from  external  sources* 


PRE-CHECK  KEY 


CAREERS  IN  K:ERGY  CONSERVATION 


Types  of  Energy  Conservation  Related  Occupations 

1.  F 

2.  F 

3.  T  . 

4.  JT 


Hazards  of  Energy  Conservation' Related  Occupations 

1.  F 

2.  F 

3.  F  • 

4.  T 


5.  T 


Types  of  Education-Training  and  Qualifications,  Location  and  Salary 
in  Energy  Conservation  " 

1.  T  . 

2.  F 

3.  F 

4.  T  ' 

5.  F  '  .  .       ■  , 


Selection  of  Occupation  and  Definition 


1.  •  x 

2.  T 

3.  T 

4.  T 

5.  T 

6.  T 
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CAREERS  i:;  I^'ERGY  CONSERVATIOIJ 


A  student  should  be  made  aware  of  present,  new  and  emerging  energy-related 
occupations  in  order  to  .make  better  career  choices  now  and  In  the  future. 
Armad  with  this  Information  these  students  will  be  prepared  to  meet  an  ever^ chang- 
ingVrorld  of  work  to  accomodate  the  expanding  need  to  conserve  energy. 

Af ter  completion  of  this  module,  select  one  energy  conservation  related 
occupation  and  describe  educational  requirements  for  entry^  hazards^  benefits 
and  employment  outlook  for  th^  next  five  years. 


IKSTRUCTIOtlAL  FACtCAGES  ^  KNOW 

IF-1 .         Types  of  energy,  conservation  related  occupations   

Hazards  of  energy  conservation  related  occupations  .   


NEED 


IF-2. 
IF-3. 


1 

Types  of  education- train lug  and  qualifications, 
location  and  salary 


IF*A-         Selection  of  o^ccupation  and  definition 


If  ^ 
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CAREERS  Jil  ENERGY  CONSERVATION 

IP-1.         Types  of  Energy  Conservation  Related  Occupations 

OBJECTIVES      ^  •  - 

The  student  will  be  able  to  list  five  jobs  in  each  of  the  following  energy 
conservation  related  categories;  , 

A*      ^Coal  Industry  ^Solar  Energy  -Construction 

-Nuclear  Energy  -Oil  Industry  -Architecture 

-Energy-related  Agri-  -Education^  "  -Automotive  field 

culture  ^ 


RESOURCES  :  ^ 

Pamphlets; 

^Occupations  in  Petroleum  and  Natural  Gas  Production  and  Gas  Processing,'*  pp. 


498-500. 

^Occupations  in  the  Nuclear  Energy  Field, *^  pp.  548-51. 


*Coal  MlningJ^p.  494-97. 


^Landscape  Architects,"  pp*  470-71. 


^Design  Occupations-Architects,"  pp.  463-65. 


'Agricultural  Econamists^^^  pp.  489-91.  --r  — 

"t  ^  * 

Books:  ^  " 

> 

Dictionary  of  ^Occupational  Titles  □ 
Information^ Sheet;     "Job  Titles  In  Six  Energy-Related  Industries* 


ACTTVm 


A.  Revlew^^e  or  more  of  the  instructional  resources  listed  aboye. 

B.  List  energy  conservation  related  occupations  In  the  following  categories: 
Coal  Industry  Nuclear  Energy  Solar  Energy 


1. 
2. 
3. 
4. 
5. 


1. 
2. 
3. 
4. 
5. 


_  .1. 
_  2. 

_ 

5. 


Oll'^ndustry 


Archlt^ture 


Energy-Related 
Agriculture 


1. 
2. 
3. 
4. 
5. 


1. 
2. 

,3. 
4. 
5. 


1. 
2. 
3. 
4. 
5. 


Education 


Automotive 


Construction 


1. 
2. 
3. 
-4. 
5. 


1. 
2. 
3. 
4. 

?-. 


1. 
2. 

* 

3. 
4. 
5. 


Conservation 


Transportation 


1. 
2. 
3. 
4.. 
5. 


1. 
2. 
3. 
4. 
5. 


FEEDBACK 


Objective  A  Check;  ,  - 

Have  your  jcnstructor  check  your- responses  in  activity  E. 


Instructor  Check 


er|c  ' 
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FEEDBACK  KEY:  Arffwer  Key 

Activity  £  Example  Answers 


Coal  Industry 

Civil  Engineer  ' 
Geologist 

Lng  Engineer 

irer 


Oil  Industry 

1,  Petroleum  Engineer" 

2,  Stratbgrapher 

3,  Refining  Operator 
A,  Driller 

5,  Pipefitter 


^Nuclear  Energy 

Electrical  En^inaer 
2,    Nuclear  Physicist  j 
Safety  Engineer  / 
4,    Radiarion  Monitor  ^ 

,5-,    Machinist/  / 

/ 


Ar<;hltecture 


2  *  DesigT 

3-  Drafter, 

4,  Architectural  Technician 

5-^  Engineering  technologist 


So^'ar  Energy 

1,  Electrical  Eng^ineer 

2,  Solar  Engineer 
3*  Engineering  Technician 
4,  Installer 
5 •  Manufacturer  ■ 


Education 


College / Teacher 
Puhlic  School  Teacher 
Industrial  Trainer 

e  Energy  , 
Consultant// 


Automotive 

1,.   Mechanical  Engineer 
2*    Aato  'mechanic 
3,    Auto  Parts. 


Energy  Related  Agriculture  Transportation 


1,  Biologist 

2,  Biclogi:Cal  Scieiitist 

3,  Geologist  \ 

4,  Landscaper 

5-  Agricultural  Chemist 


1  •    Tr^f  ic  /Engineer 
2*    State  Transportation 
Director 


Conservation 

1,  Energy  Auditor^ 

2,  Energy  Management 

3,  >  Recyling  Waste,  oil, 

etc. 


Cons  true  tion  1 

1 ,  Carpenter 

2,  Electrician 

3,  Plumber 

4,  Insulation  Installer 


-  s 

ERIC 


\  ■ 
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IP -2       Hazards  of  Energy  Conservation  Related  Occupations 
OBJECTIVES 

Upon  completion  of  this  instructional  package,  you  will  be  able  to: 

A*  Identify  at  least  two  hazards  related  to  energy  in  at  least  three  of  the 
^  £ollowlng..occupatlonal  categories: 


-Coal  Industry  -Automotive  -Energy-related  Agrlcul- 

-Nuclear  Energy  -Construction  ture 

-Solar  Energy  -Conservation  -Education 

-Oil  Industry.  -Architecture  -Transportation 


RESOURCES 
Pamphlets: 

Nuclear  Power  and  the  Environment.  Questions  and  Answers,  American  Nuclear 
Society* 

Heetlng  Energy  Workforce  Needs.  Sponsored  by  U*S*  Office  of  Education's  Energy 
and  Education  Action  Center 


Books: 

Occupational  Outlook  Handbook 

Films  trips  and  Cassettes  -  Energy  Information  Service,  Inc* 
''This  Precious  Earth" 
'^oing  the  eco-ethlc" 


ACTIVITY 

A+       Revlecr  one  or  more  of  the  Instructional  resources  listed  above, 
B,       List  two  hazards  related  to  the  following  energy  conservation  occupations; 
1,  Category   


h. 


2,  Cate;gory 


h. 


3,  Category 


h* 


FEEDBACK 

Ohjectlve  A  Check: 

1,  Category  -  Nuclear  Energy 

a*    Kadloactlve  radon  gas  can  he  harmful  to  the  lungs  If  inhaled  over  a 
numher  of  years 

h*    Direct  radiation  can  he  deadly^  but  many  precautions  are  taken  Including 
shielding^  automatic  alarm  systems  and  protective  clothing 

2,  Category  -  Coal  Mining 

a*    Many  miners  have  to  work  on  their  hands  and  knees>  hack  or  stomach  when 
the  roofs  are  low 

h*    There  Is  a  risk  in  developing  pneumoconiosis  (black  lung)  from  coal  dust 
and  silicosis  from  the  rock  durt  generated  by  the  drilling  in  the  mines* 

3,  Category  -  Oil  Industry 

a.    May  have  to  move  from  place  to  place  for  exploration  or  for  drilling 
b+    Oil  and  gas  well  drilling  and  ser^^ticing  are  more  hazardous  than  any 

other  kinds  of  work.    The  injury  rate  is  four  times  the  rate  for  all 

industries  in  the  private  sector+ 


655 


CAREERS  IN  ENERGY  CONSERVATION 


IP-3, 


Types  of  Educatlort'^Trainliig  Qualif  Icatlons,  Location  and  Salary 


OBJECTIVES 


Upon  completion  of  thlB  Instructional  package,  you  will  be  able  to: 

State  the  edu cation- training »  qualifications »  location  and  potential 
salary  for  one  of  the  following  energy  conservation  related  occupational 
categories: 


-Coal  Industry 
-Nuclear  Energy 
-Automotive 
-Conservation 


•-Solar  Energy 
-OH  Industry 
-Construction 
^Education 


-Architecture 
^^Transpor  ta  t  Ion 
-Energy-related 
Transportation 


RESOURCES 
Pamphlets: 

**Nuclear  Energy"  by  Energy  Research  and  Development  Administration  (GP0^1976- 
219-430), 

*5olar  Energy  for  Agriculture  and  Industry^"  by  (DOE/PA-0015012079), 
^'Professional  Energy  Careers,"  by  CDOE/OPA-0043-8-79), 
*tareers  in  Energy  Industries."  by  (DOE/PA-0052  1-80), 

Books: 

Occupational  Outlook  Handbook 

Solar  Energy-Epployment  and  Requirements,  by  Department  of-  Energy* 

FilTns trips  and  Cassettes: 

"Energy  from  the  Wind**  Ruhle 
"Energy  for  Tomorrow**  Pelham 

"Energy  Alternatives** 

**Solar  Energy** 

*^clear  Energy** 


Other  Resources:    Listed  in  IP-1,  and  IP-2, 
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ACTIVITY 

A,  Revle«r  one  or  more  of  the  instructional  resources  listed  above* 

B,  Answer  the  following  questions  about  your  selected  occupation: 

1,    What  occupation  did  you  choose?   

2*    Vhat  kind  of  education-training  or  qualifications  are  required  for 
your  selected  occupation? 


3*    How  much  would  it  cost  to  become  qualified  in  this  occupation? 


4,    At  what  location  could  you  e:cpect  to  find  a  job  in  your  occupation? 


5,    What  would  you  expect  your  annual  salary  to  be? 


FEEDBACK 

Oblectlve  A  Check: 

1*    Vliat  occupation  did  you  choose?     Kuclear  Energy 

2,    What  kind  of  education  training  or  qualifications  are  required  for  your 
selected  occupation? 

An  engineer  or  scientist  should  have  advanced  training  in  research,  develop- 
ment, and  design  work.    Some  employers  require  a  Ph,D,  degree.  Skill 
requirements  for  craft  workers  in  the  nuclear  energy  field  are  higher  than 
in  most  industries  because  of  precision  required  to  ensure  efficient 
operation  of  equipment  and  machlnei^*    Pipefitters  and  welders  must  meet 
higher  standards  than  in  most  fields*    Workers  operating  nuclear  reactor 
controls  must  be  licensed  by  the  Kuclear  Regulatory  Cannnission*  Licenses 
are  renewed  every  2  years,         ,  . 

3*    How  much  would  it  cost  to  become  qualified  in  this  occupation? 

Qiiployees  needing  a  college  degree  would  be  required  to  pay  tuition  for  the 
duration  of  their  education.    Health  physicists  must  have  at  least  a  B,S, 
degree.    Radiation  workers,  accelerator  operators,  radiographers,  hot  cell 
technicians,  and  decontamination  workers  are  only  required  to  have  high 
school  diplomas  and  would  therefore  need  only  on-tbe*<job  training*    They  would 
encounter  no  expense  of  their  awn  in  training. 


FEEDBACK  cont 


4+    At  what  location  could  you  expect  to  find  a  job  In  your  occupation? 

At  any  nuclear  power  plant 

5+    TJhat  would  you  expect  your  annual  salary  to  be? 

In  1978,  the  average  hourly  earnings  of  production  workers  were  ^7+37 
compared  to  $  5+90  In  all  manufacturing  Induetrlee*    Scientists  and  engineers 
averaged  $  24,900  per  y**ar+    Technicians  averaged  $  7  +  54  per  hour*  Most 
hourly  paid  plant  workers  belong  to  unions  that  represent  their  particular 
craft  or  lndustry+ 


CAREERS  IN  ENERGY  CONSERVATION 


IP-4*       Selection  of  Occupation  and  Definition  of  Job 
OBJECTIVES 

Upon  completion  of  this  instructional  package^  you  will  be  able  to: 

A*      Describe  at  least  one  of  the  energy  conservation  related  occupations 
previously  listed^  and  will  perform  an  experiment  related  to  that  job 


RESOURCES 

Pamphlets:    Use  any  materials  previously  referred  to>  along  with  any  other 
resources  the  student  can  locate* 

Edison  Publications: 

"Simple  Experiments  on  Magnetism  and  Electricity" 
*'Useful  Science  Projects** 
**l?uclear  Experiments  You  Can  Do" 
"Environmental  Experiments** 

**Altematlve  Energy  Sources-Experiments  You  Can  Do** 
**Edison  Experiments" 


ACTIVITY 

A.  Review  the  above  described  resources. 

B.  Choose  a  partner  from  the  class  and  select  one  of  the  following  energy- 
related  occupations: 

-Coal  Industry'  -Solar  Energy  -Architecture 

-Nuclear  Energy  ^^Energy^^related  Architec-  -Transportation 

-Construction  ture  -Conservation 

-Education  -Automotive 

Describe  the  requirements  for  job  entry,  the  hazards  related  to  that  job,  the 
benefits  of  the  job  and  the  employment  outlook  for  the  next  five  years.    Add  any 
other  information  of  special  interest  to  you  or  your  partner. 

C.  With  your  partner,  choose  an  experiment  from  one  of  the  Edison  publica- 
tions listed  in  "resources."    The  experiment  should  coincide  with  your 
chosen  energy-related  occupation. 


FEEDEACK 

Objective  A  Check: 


Objective  A  Check: 

Have  your  teacher  check  your  energy-related  report  as  well  as  your  related 
experiment . 
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POST  CHECK 
CAREERS  IN  ENERGY  CONSERVATION 


Vhat  were  the  results  of  your  experiment  in  IP-4?  Give  a  brief  description 
in  the  space  provided* 


List  three  erargy  conservation*^related  occupations  in  the  spaces  provided* 
Include  administrators,  engineers,  scientists,  support  vorkers,  blue  collar 
workers,  and  semi-skilled  workers* 

Coal  Industry  Nuclear  Energy 


Solar  Energy  Oil  Industry 


Architecture  Energy^elated  Agriculttare 


Name  at  least  two  hazards  to  be  concerned  with  in  the  above  listed  energy 
conservation-related  occupations* 


POST-CHECK 


(Continued) 


Give  a  brief  summary  In  the  space  provided  to  describe  the  energy  conserva- 
tlon '-related  occupation  you  and  your  partner  researched  In  ir-4. 


Give  a  general  description  of  the  education^  training  and  qualifications 
necessary  for  the  following  categories  concerned  with  energy  conservation- 
related  occupations. 

a.    Administration^  Engineers  and  Scientists 


b.    Support  Workers 


c.    Blue  Collar  Workers 


d.    Semi-skilled  Workers 


1 
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